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ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2015 ʨʦʢʫ 
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ʋɼʂ: 681.327+656.34-523 

 

ɿʘʛʘʣʴʥʦʶ ʤʝʪʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʻ ʧʣʽʜʥʝ ʩʧʽʣʢʫʚʘʥʥʷ ʥʘʫʢʦʚʦ-

ʧʨʦʤʠʩʣʦʚʦʾ ʩʧʽʣʴʥʦʪʠ, ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʬʘʢʫʣʴʪʝʪʫ 

ʘʚʽʘʮʽʡʥʠʭ ʽ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ ʚ ʩʬʝʨʽ ʨʦʟʚʠʪʢʫ ʘʚʽʘʮʽʡʥʦ-

ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 

ʋ ʟʙʽʨʥʠʢʫ ʦʧʫʙʣʠʢʦʚʘʥʽ ʜʦʧʦʚʽʜʽ, ʷʢʽ ʟʨʦʙʣʝʥʽ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʥʘʩʪʫʧʥʠʭ ʥʘ-

ʧʨʷʤʢʽʚ: ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʤʝʪʨʦʣʦʛʽʷ ʪʘ ʚʠʤʽʨʶʚʘ-

ʣʴʥʘ ʪʝʭʥʽʢʘ; ʣʽʪʘʢʠ ʪʘ ʚʝʨʪʦʣʴʦʪʠ; ʧʨʠʣʘʜʠ ʪʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʣʽʪʘʣʴʥʠʤʠ 

ʘʧʘʨʘʪʘʤʠ ʽ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ. 

ɺ ʨʦʙʦʪʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʙʨʘʣʠ ʫʯʘʩʪʴ 60 ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʥʘʫʢʦʚ-

ʮʽʚ, 8 - ʘʩʧʽʨʘʥʪʽʚ, 75 - ʩʪʫʜʝʥʪʽʚ ʬʘʢʫʣʴʪʝʪʫ ʘʚʽʘʮʽʡʥʠʭ ʽ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ 8 ʟ 

ʽʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. 

ɿʙʽʨʥʠʢ ʤʽʩʪʠʪʴ 84 ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʢʦʚʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩ-

ʣʽʜʞʝʥʴ ʟ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʚ ʛʘʣʫʟʽ ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟʙʽʨʥʠʢʘ ʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚʠ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʧʦʩʠʣʘʥʥʷ. 

ɸʜʨʝʩʘ ʆʨʛʢʦʤʽʪʝʪʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ: 03056, ʂʠʾʚ-56, 

ʧʨ. ʇʝʨʝʤʦʛʠ, 37, ʢʦʨʧ. 28. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴ-

ʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʌʘʢʫʣʴʪʝʪ ʘʚʽʘʮʽʡʥʠʭ ʽ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʧʫʙʣʽʢʘʮʽʾ ɺʯʝʥʦʶ ʨʘʜʦʶ ʬʘʢʫʣʴʪʝʪʫ (ʧʨʦʪʦʢʦʣ ˉ 10 ʚʽʜ 23 

ʪʨʘʚʥʷ 2016 ʨʦʢʫ). 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ:          ɿʽʥʯʝʥʢʦ ɺ.ʇ. 

 

                          ʈʝʜʘʢʪʦʨʠ:          ɼʦʙʨʦʣʶʙʦʚʘ ʄ.ɺ. 

                                                       ʇʨʦʭʦʨʯʫʢ ʆ.ɺ. 

                                                       ʉʠʥʠʮʴʢʠʡ ʆ.ʇ. 

 

ʊʝʭʥʽʯʥʠʡ ʨʝʜʘʢʪʦʨ:                   ɼʦʙʨʦʣʶʙʦʚʘ ʄ.ɺ., 

                                                       ʃʽʚʘʜʽʥʘ ɸ.ʖ. 

                                                       ʉʘʬʦʥʝʥʢʦʚʘ ʄ.ʄ. 

 

ɺ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. 

 

ɿʙʽʨʥʠʢ ʜʦʧʦʚʽʜʝʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽ-

ʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʬʘʢʫʣʴʪʝʪʫ ʘʚʽʘʮʽʡʥʠʭ ʽ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ, 30 - 31 ʪʨʘʚʥʷ 2016 

ʨʦʢʫ, ʤ. ʂʠʾʚ, ʌɸʂʉ, ʅʊʋʋ çʂʇɯè. ï 2016. ï 348 ʩ. 

ʇʽʜʧʠʩʘʥʦ ʜʦ ʜʨʫʢʫ 

ɿʘʤ. ˉ ______. ʅʘʢʣʘʜ 25 ʧʨʠʤ. 

ʅʘʜʨʫʢʦʚʘʥʦ ʟ ʦʨʠʛʽʥʘʣ-ʤʘʢʝʪʫ ʟʘʤʦʚʥʠʢʘ ɺʇʂ çʇʦʣʽʪʝʭʥʽʢʘè ʅʊʋʋ çʂʇɯè 

03056, ʂʠʾʚ -56, ʧʨ. ʇʝʨʝʤʦʛʠ, 37, ʢʦʨʧ. 15 

 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ 
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ʆɻʈɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ: 

 

1. ɿʙʨʫʮʴʢʠʡ ʆʣʝʢʩʘʥʜʨ ɺʘʩʠʣʴʦʚʠʯ ï ʧʨʦʬʝʩʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʜʝʢʘʥ ʌɸʂʉ, ʛʦʣʦʚʘ, ʢʝʨʽʚʥʠʢ ʩʝʢʮʽʾ çʏʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ, ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʩʠ-

ʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤʠʤʠ ʦʙôʻʢʪʘʤʠ ʪʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭ-

ʥʽʢʠè. 

2. ɿʽʥʯʝʥʢʦ ɺʘʣʝʨʽʡ ʇʝʪʨʦʚʠʯ ï ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʟʘʩʪʫʧ-

ʥʠʢ ʜʝʢʘʥʘ ʌɸʂʉ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ, ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ. 

3. ʊʫʟ ʖʣʽʘʥ ʄʠʭʘʡʣʦʚʠʯ ï ʧʨʦʬʝʩʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʟʘʚʽʜʫʚʘʯ 

ʢʘʬʝʜʨʠ ɸɽɼ, ʢʝʨʽʚʥʠʢ ʩʝʢʮʽʾ çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴè. 

4. ʌʝʜʦʨʦʚ ɺʦʣʦʜʠʤʠʨ ʄʠʢʦʣʘʡʦʚʠʯ ï ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʊʄ, ʢʝʨʽʚʥʠʢ ʩʝʢʮʽʾ çʊʝʦʨʝʪʠʯʥʘ ʪʘ ʧʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè. 

5. ʗʨʝʤʯʫʢ ʅʽʥʘ ɸʥʪʦʥʽʚʥʘ ï ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʟʘʚʽʜʫʚʘʯ 

ʢʘʬʝʜʨʠ ɯɺʊ, ʢʝʨʽʚʥʠʢ ʩʝʢʮʽʾ çʄʝʪʨʦʣʦʛʽʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘè. 

6. ɼʦʙʨʦʣʶʙʦʚʘ ʄʘʨʠʥʘ ɺʘʣʝʨʽʾʚʥʘ ï ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʟʘ-

ʩʪʫʧʥʠʢ ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ ɸɽɼ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ. 

7. ʄʦʞʘʨʦʚʩʴʢʘ ʊʘʤʘʨʘ ʄʠʢʦʣʘʾʚʥʘ ï ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʟʘ-

ʩʪʫʧʥʠʢ ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ. 

8. ʇʨʦʭʦʨʯʫʢ ʆʣʝʢʩʘʥʜʨ ɺʽʪʘʣʽʡʦʚʠʯ ï ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʟʘʩʪʫʧʥʠʢ ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ ʇʉʂʃɸ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ. 

9. ʉʠʥʠʮʴʢʠʡ ʆʣʝʛ ʇʘʚʣʦʚʠʯ ï ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʟʘʩʪʫʧ-

ʥʠʢ ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ ɯɺʊ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ. 

  



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ 
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ɿʙʽʨʥʠʢ ʜʦʧʦʚʽʜʝʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽ-

ʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʬʘʢʫʣʴʪʝʪʫ ʘʚʽʘʮʽʡʥʠʭ ʽ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ, 30-31 ʪʨʘʚʥʷ 2016 

ʨʦʢʫ, ʤ. ʂʠʾʚ, ʌɸʂʉ, ʅʊʋʋ çʂʇɯè. ï 2016. ï 321 ʩ. ʋ ʟʙʽʨʥʠʢʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʪʝʟʠ 

ʜʦʧʦʚʽʜʝʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʢʽʚ: ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ; ʤʝʪʨʦʣʦʛʽʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ; ʣʽʪʘʢʠ ʪʘ ʚʝʨʪʦʣʴʦʪʠ; ʧʨʠʣʘʜʠ ʪʘ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ; ʪʝʦʨʝʪʠʯʥʘ ʪʘ ʧʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ. 

ɿʘ ʟʤʽʩʪ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʟʙʽʨʥʠʢʫ ʧʨʘʮʴ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʥʝʩʫʪʴ ʾʭ ʘʚʪʦʨʠ. 
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ɿʘ ʩʦʜʝʨʞʘʥʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʙʦʨʥʠʢʝ ʜʦʢʣʘʜʦʚ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʠʭ 

ʘʚʪʦʨʳ. 

 

The collection of reports scientifically-technical conference of teachers, science 

officers, post-graduate students, students of faculty of aviation and space systems, on 

May, 30 - 31th 2015, Kiev, the FASS, NTUU çKPIè. ï 2016. ï 321 p. In the collection 

theses of reports of the conference on following branches: automation of experimental 
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The authors bare the responsibility for the content of the reports published in the 

collection. 
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çɸɺʊʆʄɸʊʀɿɸʎɯʗ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ 
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ʋɼʂ 629.735.05:681.326.3 

ɿʀʅʏɽʅʂʆ ɺ.ʇ., ʊʀʍʆʄʀʈʆɺ ɺ.ɸ., ɿʀʅʏɽʅʂʆ ʉ.ɺ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʇʆɼʉʀʉʊɽʄ 
ɸɺʀʆʅʀʂʀ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʂʠʝʚ, ʋʢʨʘʠʥʘ, 
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ɺʚʝʜʝʥʠʝ. ʇʝʨʝʭʦʜ ʦʪ ʘʥʘʣʦʛʦʚʳʭ ʢ ʮʠʬʨʦʚʳʤ ʩʨʝʜʩʪʚʘʤ ʘʚʠʦʥʠʢʠ ʧʨʠʚʝʣ ʢ 

ʪʦʤʫ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʡ ʧʝʨʝʤʝʩʪʠʣʘʩʴ ʠʟ ʦʙʣʘʩʪʠ ʩʭʝʤʦʪʝʭʥʠʢʠ ʚ ʦʙʣʘʩʪʴ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʠ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʢʘʥʘʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ (ʄʂʀʆ) ʩʠʩʪʝʤ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠʣʠ ʠʥʪʝʨʬʝʡʩʘ Mil -Std-

1553b. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʚʠʦʥʠʢʝ ʠ ʚʦ ʚʩʝʭ ʚʠʜʘʭ ʚʦʦʨʫʞʝʥʠʡ ʉʐɸ ʠ ʩʪʨʘʥ ʅɸʊʆ. 

ɸʥʘʣʦʛʠ: ɻʆʉʊ 26765.52-87; ɻʆʉʊ ʈ52070-2003; DefStan 00-18/2; STANAG 3838; 

AirStandart 50/2. ɺʥʝʜʨʝʥ ʚ ʘʚʠʦʥʠʢʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ (ɸʥ-70, ɸʥ-148). 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ. ʎʠʬʨʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʘʚʠʦʥʠʢʠ ʦʙʨʘʙʘʪʳʚʘʶʪ 

ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ [1]. ɼʣʷ 

ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʠ ʧʨʦʛʨʘʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦ-

ʙʭʦʜʠʤʳ ʩʨʝʜʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʝʪMil-Std-1553b. 

ʆʩʦʙʝʥʥʦʩʪʠ. Mil -Std-1553b ʩʦʩʪʦʠʪ ʠʟ: ʜʚʫʭ ʰʠʥ (ʦʩʥʦʚʥʘʷ ʠ ʨʝʟʝʨʚʥʘʷ); ʢʦʥ-

ʪʨʦʣʣʝʨʘ ʰʠʥʳ; ʦʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ; ʤʦʥʠʪʦʨʘ ʰʠʥʳ (ʨʠʩ. 1).  

 

ʈʠʩ. 1. ʉʭʝʤʘ ʄʂʀʆ Mil -Std-1553b 

ʅʘ ʦʜʥʦʤ ʄʂʀʆ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʢʦʥʪʨʦ-

ʣʣʝʨ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʘʪʦʨʦʤ ʚʩʝʭ ʩʦʦʙʱʝʥʠʡ ʚ ʰʠʥʝ. ʂʦʥʪʨʦʣʣʝʨ: ʦʧʝ-

ʨʠʨʫʝʪ ʢʦʤʘʥʜʘʤʠ; ʫʧʨʘʚʣʷʝʪ ʧʝʨʝʜʘʯʝʡ/ʧʨʠʝʤʦʤ ʩʦʦʙʱʝʥʠʡ ʦʢʦʥʝʯʥʳʤʠ ʫʩʪ-

ʨʦʡʩʪʚʘʤʠ; ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩʳ ʦʪ ʦʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ; ʬʠʢʩʠʨʫʝʪ, ʚʦʩʩʪʘʥʘ-

ʚʣʠʚʘʝʪ ʠ ʩʦʭʨʘʥʷʝʪ ʦʰʠʙʢʠ ʠ ʠʭ ʠʩʪʦʨʠʶ. ʆʢʦʥʝʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʠʥʳ ʜʘʥʥʳʭ ʠ ʧʦʜʢʣʶʯʘʝʤʦʡ ʧʦʜʩʠʩ-

ʪʝʤʳ; ʤʦʩʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʄʂʀʆ. ʄʦʥʠʪʦʨ ʢʘʥʘʣʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʢʦʥʝʯ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʩʦʦʙʱʝʥʠʷ ʧʦ ʰʠʥʝ. ʆʥ ʚʳʧʦʣʥʷʝʪ ʤʦʥʠʪʦ-

ʨʠʥʛ ʠ ʟʘʧʠʩʴ ʪʨʘʥʟʘʢʮʠʡ ʧʦ ʰʠʥʝ ʜʘʥʥʳʭ, ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʢʦʥʪʨʦʣʣʝʨʘ ʠʣʠ 

ʦʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʈʠʩ. 1. ʉʭʝʤʘ ʄʂʀʆ ʩʪʘʥʜʘʨʪʘ MilStd-1553b 
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ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   14 

ʄʦʜʝʣʴ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɹʦʨʪʦʚʦʡ ʢʦʤʧʣʝʢʩ ʘʚʠʦʥʠʢʠ ï ʵʪʦ ʤʥʦʛʦʤʘ-

ʰʠʥʥʘʷ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ (ʨʠʩ. 2), ʛʜʝ SSi ï ʧʦʜʩʠʩʪʝʤʳ (ʠʥʜʠʢʘʮʠʠ, 

ʫʧʨʘʚʣʝʥʠʷ, ʥʘʚʠʛʘʮʠʠ, ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʝʥʠʷ ʠ ʪ.ʧ.), ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʘ ʄʂʀʆ ʯʝʨʝʟ ʫʩʪʨʦʡʩʪʚʘ ʠʥʪʝʨʬʝʡʩʘ (ʋʀ), 

ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʢʘʢ ʫʜʘʣʝʥʥʳʡ ʪʝʨʤʠʥʘʣ (RT), ʠʣʠ ʢʘʢ ʢʦʥʪʨʦʣʣʝʨ ʰʠʥʳ (BC), 

ʠʣʠ ʢʘʢ ʤʦʥʠʪʦʨ ʰʠʥʳ (BM). ʆʪʤʝʪʠʤ, ʯʪʦ ʚʤʝʩʪʦ ʇʂ ʤʦʞʝʪ ʙʳʪʴ ʰʪʘʪʥʘʷ ʙʦʨ-

ʪʦʚʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ/ʠʣʠ ʩʠʩʪʝʤʘ ʙʦʨʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ 

ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ, ʪʦ ʝʩʪʴ ʦʜʥʘ ʠʟ SSi. ʋ ʦʜʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ 

ʫʩʪʨʦʡʩʪʚ ʠʥʪʝʨʬʝʡʩʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʜʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʦʜʥʦ-

ʤʫ ʋʀ. 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʠʦʥʠʢʠ 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʥʪʝʨʬʝʡʩʘ Mil-Std-1553b ʜʚʝ: ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʤʝʥʦʤ ʠʥʬʦʨ-

ʤʘʮʠʠ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʘʚʠʦʥʠʢʠ (ʯʝʨʝʟ ʫʩʪʨʦʡʩʪʚʘ ʠʥʪʝʨʬʝʡʩʘ ʰʠʥʳ); 

ʫʧʨʘʚʣʝʥʠʝ ʦʙʤʝʥʦʤ (ʢʦʥʪʨʦʣʴ ʧʝʨʝʜʘʯʠ/ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʩʪʦʷʥʠʷ ʋʀ 

ʰʠʥʳ; ʦʙʨʘʙʦʪʢʘ ʦʪʢʘʟʥʳʭ ʩʠʪʫʘʮʠʡ). 

ʇʨʠʢʣʘʜʥʳʝ ʬʫʥʢʮʠʠ ʠʥʪʝʨʬʝʡʩʘ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ 

(ʇʇ), ʪʘʢ ʢʘʢ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʩʠʪʫʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʫʩʪʨʦʡʩʪʚʘ ʉʄ1553-1/3 (ʨʠʩ. 3) ʧʦʟʚʦʣʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʦʩʚʦʠʪʴ ʬʫʥʢʮʠʠ ʠʥʪʝʨʬʝʡʩʘ, ʥʦ ʠ ʩʦʟʜʘʚʘʪʴ ʧʦʣʫʥʘʪʫʨʥʳʝ ʤʦʜʝʣʠ ʧʨʦ-

ʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʩʠʩʪʝʤ ʘʚʠʦʥʠʢʠ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʳʪʘ-

ʥʠʡ, ʦʪʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ʈʠʩ. 3. ʋʩʪʨʦʡʩʪʚʘ ʉʄ1553-1 ʠ ʉʄ1553-3 

ʋʩʪʨʦʡʩʪʚʦ ʉʄ1553-1/3 ï ʵʪʦ ʧʣʘʪʘ PCMCIA ʪʠʧʘ ɯɯɯ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʚʷʟʴ 

ʥʘʩʪʦʣʴʥʦʛʦ/ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʇʂ) ʩ ʄʂʀʆ. ʋʩʪʨʦʡʩʪʚʦ ʩʦʚʤʝʩʪʥʦ ʩ ʤʦ-

ʙʠʣʴʥʳʤ ʇʂ ʷʚʣʷʝʪʩʷ ʤʦʙʠʣʴʥʳʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʪʝʨʤʠʥʘ-

ʣʦʤ ʄʂʀʆ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ BC, RT ʠ BM, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ 

ʙʦʨʪʫ ʩʘʤʦʣʝʪʘ. ʋʩʪʨʦʡʩʪʚʦ ʉʄ1553-1 ʨʝʘʣʠʟʫʝʪ ʚʩʝ ʬʫʥʢʮʠʠ ʦʙʤʝʥʘ ʧʦ ʄʂʀʆ, 

ʈʠʩ. 2. ʉʭʝʤʘ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʠʦʥʠʢʠ 
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ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   15 

ʦʩʚʦʙʦʞʜʘʷ ʛʣʘʚʥʳʡ ʇʂ ʦʪ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-

ʚʘʪʴ ʘʜʝʢʚʘʪʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʈɺ ʚ ʘʚʠʦʥʠʢʝ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ (ʇʆ) ʫʩʪʨʦʡʩʪʚʘ ʉʄ1553-1 ï ʵʪʦ ʜʨʘʡʚʝʨ ʦʢʥʘ PCMCIA (Card Services) ʠ 

ʙʠʙʣʠʦʪʝʢʘ ʬʫʥʢʮʠʡ ʜʣʷ ʷʟʳʢʘ ʉ ʠ ʢʦʤʧʠʣʷʪʦʨʦʚ Borland ʠ ʜʨ. ʇʇ ʫʧʨʘʚʣʝʥʠʷ 

ʉʄ1553-1 ʚʢʣʶʯʘʶʪ ʜʦ 7 ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʧʨʠʢʣʘʜ-

ʥʦʡ ʟʘʜʘʯʠ: open; configure; initialize; activate; handle data; deactivate; close. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʥʪʝʨʬʝʡʩʘ Mil-Std-1553B ʨʝʰʘʶʪʩʷ ʩʨʝʜʩʪ-

ʚʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɻʣʘʚʥʳʤ ʘʢʪʠʚʥʳʤ ʦʨʛʘʥʠʟʫʶʱʠʤ ʠ ʫʧʨʘʚʣʷʶʱʠʤ ʵʣʝ-

ʤʝʥʪʦʤ ʚ ʣʶʙʦʡ ʧʦʜʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʪʦʪ ʪʝʨʤʠʥʘʣ ʰʠʥʳ, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ɺʉ. ʊʝʨʤʠʥʘʣʳ ʚ ʨʝʞʠʤʝ RT ʚʳʧʦʣʥʷʶʪ ʘʜʨʝʩʦ-

ʚʘʥʥʳʝ ʠʤ ʢʦʤʘʥʜʳ BC. ʊʝʨʤʠʥʘʣ ʚ ʨʝʞʠʤʝ ɺʄ ʥʝ ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜ BC, ʘ ʥʝ-

ʧʨʝʨʳʚʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʦʷʚʣʷʶʱʫʶʩʷ ʚ ʰʠʥʝ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʶ. ʈʘʩʩʤʦʪʨʝ-

ʥʳ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚʳʭ ʙʘʟʦʚʳʭ ʟʘʜʘʯ. 

ɿʘʜʘʯʘ 1. ʇʝʨʝʜʘʪʴ ʦʜʥʦ ʩʦʦʙʱʝʥʠʝ ʦʪ BC ʢ RT ʠʣʠ ʦʪ RT ʢ ɺʉ. 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ LAC-ʬʦʨʤʝ ʩʦʦʙʱʝʥʠʡ ʚ ʄʂʀʆ 

ʪʘʢ: CW:AD.TR.SA. WC+DW:{ n}=T1+SW: AD.SB[.SB]+T2;, ʛʜʝ: CW ï ʢʦʤʘʥʜʥʦʝ 

ʩʣʦʚʦ; ʧʦʣʷ CW (AD ï ʘʜʨʝʩ RT ʧʨʠʝʤʥʠʢʘ ʩʦʦʙʱʝʥʠʷ; TR ï ʟʥʘʯʝʥʠʝ ʙʠʪʘ ʧʝʨʝ-

ʜʘʯʘ/ʧʨʠʝʤ; SA ï ʧʦʜʘʜʨʝʩ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ; WC ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘ-

ʚʘʝʤʳʭ DW); DW ï ʩʣʦʚʦ ʜʘʥʥʳʭ; WV ï ʟʥʘʯʝʥʠʝ DW; n ï ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʣʴʥʦ 

ʧʝʨʝʜʘʥʥʳʭ DW (ʙʝʟ/ʩ ʦʰʠʙʢʘʤʠ n=/ W̧ʉ); SW ï ʩʣʦʚʦ ʩʦʩʪʦʷʥʠʷ RT; SB ï ʥʦʤʝʨ 

ʙʠʪʘ ʧʨʠʟʥʘʢʘ SW; T1 ʠ T2 ï ʧʘʫʟʳ ʚ ʧʝʨʝʜʘʯʝ. 

ɸʣʛʦʨʠʪʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʦʪ RT ʢ BC) ʩʣʝʜʫ-

ʶʱʠʡ: CW:AD.TR.SA.WC=T1+SW:AD.SB[.SB]+ DW:{n}+T2; ʉʣʝʜʦʚʘʪʝʣʴʥʦ, BC 

ʜʦʣʞʝʥ ʧʝʨʝʜʘʪʴ ʦʜʥʦ CW, ʧʦʩʣʝ ʯʝʛʦ ʞʜʘʪʴ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ ʦʪʚʝʪʘ ʦʪ RT ʚ ʚʠʜʝ 

SW ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ DW. 

ɿʘʜʘʯʘ 2. ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʡ /ʬʨʝʡʤ BC ʧʦ ʰʠʥʝ ʥʘ ʧʨʠʤʝʨʝ 

ʧʝʨʝʜʘʯʠ ʪʘʢʠʭ ʜʚʫʭ ʩʦʦʙʱʝʥʠʡ ʩ ʯʘʩʪʦʪʦʡ 50 ɻʮ: ʩʦʦʙʱʝʥʠʝ 1: RT ʩ AD=2 ʜʦʣ-

ʞʝʥ ʧʨʠʥʷʪʴ ʦʪ ɺʉ WC=8 DW ʚ SA=1; ʩʦʦʙʱʝʥʠʝ 2: RT ʩ AD=4 ʜʦʣʞʝʥ ʧʝʨʝʜʘʪʴ 

ʢ ɺʉ WC=12 DW ʠʟ SA=1. 

ʃʫʯʰʠʡ ʩʧʦʩʦʙ ï ʵʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʥʭʨʦʥʥʘʷ ʧʝʨʝʜʘʯʘ ʬʨʝʡʤʘ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʠ. ɸʣʛʦʨʠʪʤ ʪʘʢʦʡ: CW:02.0.01.08=T1+ 

SW:02.00+DW:{08}+T2; CW:04.1.01.12=T1+SW: 04.00+DW: {12}+T2;. 

ɿʘʜʘʯʘ 3. ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ BC ʩʧʠʩʢʘ ʩʦʦʙʱʝʥʠʡ (ʮʠʢʣʦʛʨʘʤʤʘ) ʥʘ 

ʧʨʠʤʝʨʝ ʧʝʨʝʜʘʯʠ ʪʨʝʭ ʩʦʦʙʱʝʥʠʡ (msg1 ʩ f = 100 ɻʮ, msg2 ʩ f = 50 ɻʮ, msg3 ʩ f = 

25 ɻʮ) ʠ ʥʘ ʥʝʠʩʧʨʘʚʥʦʩʪʴ RT ʜʦʣʞʝʥ ʦʪʨʝʘʛʠʨʦʚʘʪʴ BC ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʩʦʦʙʱʝʥʠʷ (errormsg). 

ɿʘʜʘʯʘ 4. ʇʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ RT ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʝʜʘʯʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʩ f = 1/time ʦʪ RT1 ʩ AD1 ʢ RT2 ʩ AD2, ʪʦ ʝʩʪʴ ʧʝʨʝʜʘʪʴ ʥʝʩʢʦʣʴʢʦ 

(WC) DW ʠʟ SA1 ʚ SA2. ɸʣʛʦʨʠʪʤ: CW1: AD2.0.SA2.WC+CW2: 

AD1.1.SA1.WC=T1+SW1:AD1.SB[.SB]+DW: {WC}+T1+SW2:AD2.SB[.SB] +T2;. 

ɿʘʜʘʯʘ 5. ʈʝʞʠʤ RT. ʇʫʩʪʴ RT c AD=3 ʩʚʷʟʘʥʳ ʜʚʘ ʩʦʦʙʱʝʥʠʷ ï ʦʜʥʦ ʥʘ ʧʨʠʝʤ, 

ʚʪʦʨʦʝ ʥʘ ʧʝʨʝʜʘʯʫ. ʀʩʧʦʣʴʟʫʷ CW=1828h ɺʉ ʧʨʝʜʣʘʛʘʝʪ RT ʧʨʠʥʷʪʴ 8 DW ʚ 
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SA=1, ʘ ʩ ʧʦʤʦʱʴʶ CW=1C24h ï ʧʝʨʝʜʘʪʴ 4 DW ʠʟ SA1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʇʇ ʜʦʣʞ-

ʥʘ ʦʙʝʩʧʝʯʠʪʴ ʩʯʠʪʳʚʘʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʧʨʠʥʷʪʳʭ DW, ʤʦʜʠʬʠʢʘʮʠʶ ʠ ʟʘʧʠʩʴ 

ʜʘʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ. ɸʣʛʦʨʠʪʤ ʙʫʜʝʪ ʪʘʢʠʤ: CW:03.0.01.08+ DW: {08}=T1+SW: 

03.00 +T2; CW:03.1.01.04=T1+SW:03.00+ DW: {04}+T2;. 

ɿʘʜʘʯʘ 6. ʈʝʞʠʤ BM: ʫʩʪʨʦʡʩʪʚʦ ʉʄ1553-1 ʟʘʧʠʩʳʚʘʝʪ ʩʦʦʙʱʝʥʠʷ ʠ ʨʘʟʤʝʯʘʝʪ 

ʚʨʝʤʷ ʚʩʝʛʦ ʦʙʤʝʥʘ ʧʦ ʰʠʥʝ ʜʣʷ ʟʘʜʘʥʥʳʭ ʘʜʨʝʩʦʚ RT. 

ʅʘʟʚʘʥʥʳʝ ʟʘʜʘʯʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʩʣʫʯʘʠ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪ-

ʨʦʡʩʪʚʘ ʉʄ1553-1. ɺʦʟʤʦʞʥʦ ʨʝʰʘʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ: BC ï ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ ʩʦʦ-

ʙʱʝʥʠʡ; ʟʘʜʘʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ; ʚʳʟʦʚ ʧʨʝʨʳʚʘʥʠʡ ʥʘ 

ʇʂ ʚ ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ; ʚʳʧʦʣʥʝʥʠʝ ʚʩʪʨʦʝʥʥʦʛʦ ʪʝʩʪʘ; RT - ʙʫʬʝʨʠʟʘʮʠʷ; ʟʘʜʘʥʠʝ 

ʧʨʠʟʥʘʢʦʚ ʟʘʥʷʪʦʩʪʠ, ʦʰʠʙʦʢ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ; ʙʣʦʢʠʨʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ CW; 

ʯʪʝʥʠʝ ʜʘʥʥʳʭ ʩ ʤʝʪʢʘʤʠ ʚʨʝʤʝʥʠ; ʚʳʟʦʚ ʧʨʝʨʳʚʘʥʠʡ ʧʦ ʧʨʠʝʤʫ ʦʪʜʝʣʴʥʳʭ CW 

ʠʣʠ ʧʨʠ ʦʰʠʙʢʘʭ; BM - ʩʦʚʤʝʱʝʥʥʳʡ ʨʝʞʠʤ RT ʠ BM. 

ʇʨʠʤʝʥʝʥʠʝ. ʆʙʳʯʥʦ ʨʘʟʨʘʙʦʪʯʠʢ, ʠʩʧʳʪʘʪʝʣʴ ʠʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʚ ʢʦʥʢʨʝʪ-

ʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʘʝʪ ʩ ʦʜʥʠʤ/ʥʝʩʢʦʣʴʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʦʙʤʝʥʘ, ʨʝʘʣʠʟʫʶʱʠʭ ʢʘʢʫʶ-ʣʠʙʦ ʦʜʥʫ ʬʫʥʢʮʠʶ, ʧʦʵʪʦʤʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 3/4 ʫʩʪʨʦʡʩʪʚʘ ʉʄ1553-1 (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʘʚʠʦʥʠʢʠ 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʠʦʥʠʢʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʝ ʧʦʜʩʠʩʪʝʤ ʚ ʈɺ, ʛʜʝ ʦʪʨʘ-

ʙʘʪʳʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ, ʥʦ ʠ ʘʣʛʦʨʠʪʤʳ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʢʨʠʪʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʘʷ ʤʦʜʝʣʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʥʘ ʵʪʘʧʝ ʠʩʧʳʪʘʥʠʡ ʘʚʠʦ-

ʥʠʢʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩʘʤʦʣʝʪʘ (ʙʝʟʦʧʘʩʥʦʩʪʴ), ʯʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʝʨʪʠʬʠʢʘʮʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʢʘʟʦʚ/ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʥʝʚʦʟʤʦʞʥʦ ʠʤʠʪʠʨʦʚʘʪʴ ʥʘ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘʧʨʠʤʝʨ, ʜʝʛʨʘʜʘʮʠʶ ʧʘʨʘʤʝʪ-

ʨʦʚ. ʀ ʟʜʝʩʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʄʦʜʝʣʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʛʦ ʈɺ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʦʜʩʠʩʪʝʤ ʘʚʠʦʥʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ. ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ï ʇʂ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʇʆ, ʧʦʟʚʦʣʷʝʪ ʤʦʜʝ-

ʣʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʩʠʪʫʘʮʠʠ ʚ ʈɺ. 

ʆʜʥʠʤ ʠʟ ʧʦʣʝʟʥʳʭ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʡ ʄʂʀʆ ʷʚʣʷʝʪʩʷ 

ʟʘʧʠʩʴ ʥʘ ʚʥʝʰʥʠʝ ʥʦʩʠʪʝʣʠ ʚʩʝʭ ʩʦʦʙʱʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʦʣʝʪʘ ʩʘʤʦʣʝʪʘ. ʇʦ 

ʈʠʩ. 4. ʉʭʝʤʘ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʘʚʠʦʥʠʢʠ 

ʐʠʥʘ ɺ

ʇʂ1+ʉʄ1553-1

BC

ʇʂ2+ʉʄ1553-1

RT

ʇʂ3+ʉʄ1553-1

RT /BM

ʄʂʀʆ ï h ʠʥʘ 1553b

ʆʩʮʠʣʣʦʛʨʘʬ
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ʦʢʦʥʯʘʥʠʠ ʧʦʣʝʪʘ ʠʩʧʳʪʘʪʝʣʴʥʳʝ/ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʣʫʞʙʳ ʤʦʛʫʪ ʥʝʦʛʨʘʥʠʯʝʥ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʵʪʦʪ ʧʦʣʝʪ ʚ ʈɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʢʨʘʥʘʭ ʥʘ 

ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʠʣʠ ʥʘ ʵʢʨʘʥʝ ʇʂ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʠ ʩʘʤʦʣʝʪʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʵʣʝʤʝʥʪʦʤ. ʇʦʵʪʦʤʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʦʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʚ 

ʄʂʀʆ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʟʘʧʠʩʳʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʚ ʚʠʜʝ ʇʇ 

ʧʦʜʩʠʩʪʝʤ ʘʚʠʦʥʠʢʠ ʚ ʪʝʨʤʠʥʘʭ ʧʦʥʷʪʥʳʭ ʧʨʦʛʨʘʤʤʠʩʪʫ ʠ ʩ ʜʨʫʛʦʡ ï ʚ ʪʝʨʤʠʥʘʭ, 

ʧʦʥʠʤʘʝʤʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʤ/ʠʩʧʳʪʘʪʝʣʝʤ ʪʘʢʠʭ ʧʦʜʩʠʩʪʝʤ (LAC-ʬʦʨʤʳ). ʇʘʨʘ-

ʤʝʪʨʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʠ ʧʦʣʝʪʘ ʩʘʤʦʣʝʪʘ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠ ʠʭ ʦʪʦʙʨʘ-

ʞʘʶʪ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʜʠʘʛʨʘʤʤ ʠ ʪ.ʧ. 

ʄʦʜʝʣʠʨʫʶʱʫʶ ʩʠʩʪʝʤʫ (ʨʠʩ. 4) ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʠʨʦʚʘʥʠʶ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʚʠʦʥʠʢʠ ʥʘ ʙʘʟʝ 

ʄʂʀʆ.  

ɺʳʚʦʜʳ: ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʠʦʥʠʢʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ; ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʄʂʀʆ ʚ 

ʘʚʠʦʥʠʢʝ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʧʨʠʥʮʠʧʘʤ ʧʦʩʪʨʦʝʥʠʷ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʘʚʠʦʥʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦ-

ʫʧʨʘʚʣʷʝʤʳʭ ʩʚʷʟʝʡ; ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʚʠʦʥʠʢʫ ʪʨʝʙʫʝʪ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʧʨʦʙʣʝʤʝ ʦʙʫʯʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 
ɿʠʥʯʝʥʢʦ ɺ.ʇ., ʊʠʭʦʤʠʨʦʚ ɺ.ɸ., ɿʠʥʯʝʥʢʦ ʉ.ɺ.// ʆ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʦʨʪʦʚʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʘʚʠʦʥʠʢʠ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʤʝʭʘʥʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ. - 2016. - ɺʳʧ. 13. 
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ʂʆɺɸʃʔʏʋʂ ʂ.ɺ. 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ʉʀʉʊɽʄɸ ʂʆʅʊʈʆʃʖ ɺʊʈɸʊ ʊɽʇʃɸ ɺ ɹɸɻɸʊʆ-
ʇʆɺɽʈʍʆɺʆʄʋ ɹʋɼʀʅʂʋ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè,  ʂʠʾʚ, ʋʢʨʘʾʥʘ, e-mail: 

megajeday@gmail.com 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʊʝʧʣʦʥʦʩʽʡ ʧʦʜʘʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʦʶ ʢʦʤʧʘʥʽʻʶ ʧʦ ʪʨʫʙʘʭ 

ʜʦ ʚʭʦʜʫ ʫ ʙʫʜʠʥʦʢ, ʘ ʥʘʜʘʣʽ ʧʦʜʘʪ̒ʴʩʷ ʢʽʥʮʝʚʦʤʫ ʩʧʦʞʠʚʘʯʫ ʢʦʤʫʥʘʣʴʥʠʤʠ ʫʩʪʘ-

ʥʦʚʘʤʠ. ʅʘ ʰʣʷʭʫ ʚʽʜ ʚʭʦʜʫ ʫ ʙʫʜʠʥʦʢ ʪʝʧʣʦʥʦʩʽʡ ʚʪʨʘʯʘʻ ʝʥʝʨʛʽʶ, ʟʥʘʯʝʥʥʷ ʮʠʭ 

ʚʪʨʘʪ ʥʝ ʚʠʤʽʨʶʻʪʴʩʷ. ɽʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʘʥʽʾ ʪʘʢʦʞ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʤʽʨʶ-

ʚʘʪʠ ʚʪʨʘʪʠ ʪʝʧʣʘ ʥʘ ʰʣʷʭʫ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ ʚʭʦʜʫ ʫ ʙʫʜʠʥʦʢ ʜʦ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠ-

ʚʘʯʘ. ʅʝ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʮʠʭ ʚʪʨʘʪ ʩʪʚʦʨʶʻ ʚʝʣʠʢʽ ʥʘʜʣʠʰʢʦʚʽ ʚʠʪʨʘʪʠ 

ʛʨʦʰʝʡ ʢʽʥʮʝʚʠʭ ʩʧʦʞʠʚʘʯʽʚ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʛʦ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘ ʥʘ ʙʫʜʠʥʦʢ 

ʥʝ ʜʘʻ ʟʤʦʛʠ ʚʠʤʽʨʷʪʠ ʮʽ ʚʪʨʘʪʠ. ʎʽ ʚʪʨʘʪʠ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʟʥʘʯʠʪʠ ʷʢʱʦ ʟʥʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʪʝʧʣʦʥʦʩʽʻʤ ʥʘ ʚʭʦʜʽ ʫ ʙʫʜʠʥʦʢ, ʪʘ ʩʧʦʞʠʪʫ ʝʥʝʨ-

ʛʽʶ ʚʩʽʤʘ ʩʧʦʞʠʚʘʯʘʤʠ. 

ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʽʩʪʴ ʙʫʜʠʥʢʽʚ ʨʦʟʚʦʜʢʘ ʪʨʫʙ ʻ ʚʝʨʪʠʢʘʣʴʥʦʶ, ʪʦʙʪʦ ʢʦʞʝʥ 

ʨʘʜʽʘʪʦʨ ʧʽʜôʻʜʥʫʻʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʦʢʨʝʤʦʶ ʪʨʫʙʦʶ ʩʪʦʷʢʘ. ʊʦʤʫ ʜʣʷ 

mailto:megajeday@gmail.com


ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   18 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʞʠʪʦʛʦ ʪʝʧʣʘ ʦʜʥʽʻʶ ʢʚʘʨʪʠʨʦʶ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘ ʥʘ ʢʦʞʝʥ ʩʪʦʷʢ ʫ ʢʚʘʨʪʠʨʽ. 

ʗʢʱʦ ʞ ʙʫʜʠʥʦʢ ʤʘʻ ʚʝʨʪʠʢʘʣʴʥʫ ʩʠʩʪʝʤʫ ʨʦʟʚʦʜʢʠ ʪʨʫʙ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʜʦʩʪʘʪʥʴʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʛʦ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘ ʥʘ ʢʚʘʨʪʠʨʫ. ʇʨʦʪʝ ʜʫʞʝ ʨʽʜʢʦ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʣʽʯʠʣʴʥʠʢ ʥʘ ʢʦʞʥʫ ʢʚʘʨʪʠʨʫ, ʪʘʢ ʷʢ ʥʝ ʚʩʽ ʚʣʘʩʥʠʢʠ 

ʢʚʘʨʪʠʨ ʭʦʯʫʪʴ ʡʦʛʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ. ʆʪʞʝ ʚʪʨʘʪʠ ʪʝʧʣʘ ʚʽʜ ʚʭʦʜʫ ʫ ʙʫʜʠʥʦʢ ʜʦ 

ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʥʝʤʦʞʣʠʚʦ ʚʠʤʽʨʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥ.ɹ  

ʄʝʪʘ. ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʪʨʘʪ ʪʝʧʣʘ ʚ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʤʫ ʙʫʜʠʥʢʫ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʚʪʨʘʪ ʪʝʧʣʘ ʟ ʚʠʤʽʨʶʚʘ-

ʣʴʥʠʭ ʤʦʜʫʣʽʚ ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘ-

ʮʽʾ. ʈʦʙʦʪʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ, ʬʽʢʩʘʮʽʶ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧ-

ʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʪʘ ʥʘ ʚʠʭʦʜʽ ʟ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ.  

ɺʝʣʠʯʠʥʘ ʚʠʪʨʘʪʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ npQ  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ, ʷʢ ʜʦʙʫʪʦʢ 

ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʥʘ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʪʝʧʣʦʥʦʩʽʷ ʟ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨ-

ʤʫʣʦʶ:                                     ( )np ʚx ʚuxQ G c T T= Ö -, ɺʪ                

ʜʝ G ʢʛ/ʨʽʢ ï ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ, ʚxT  Áʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʜʦ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʚuxT  Áʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʦʧʘʣʶ-

ʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, c ɼʞ/ʢʛ Áʉ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ. 

ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3 ʚʠʜʽʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʬʫʥʢ-

ʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷ. ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ (ɺʄ) ʥʘ ʚʭʦʜʽ ʫ ʙʫʜʽʚʣʶ ʚʠʤʽ-

ʨʶʻ ʟʘʛʘʣʴʥʫ ʚʠʪʨʘʪʫ ʪʝʧʣʘ ʙʫʜʠʥʢʦʤ. ɺʄ ʥʘ ʢʦʞʝʥ ʩʪʦʷʢ  ʚʠʤʽʨʶʻ ʟʘʛʘʣʴʥʫ ʝʥʝ-

ʨʛʽʶ ʚʠʪʨʘʯʝʥʘ ʩʧʦʞʠʚʘʯʘʤʠ ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʩʪʦʷʢʘ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʪʝʧʣʘ ʢʦʞʥʦʶ ʢʚʘʨʪʠʨʦʶ ʤʦʞʣʠʚʝ ʚʩʪʘ-

ʥʦʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʫ ʢʚʘʨʪʠʨʫ. ɼʣ̫ ʙʫʜʠʥʢʽʚ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʩʠ-

ʩʪʝʤʦʶ ʨʦʟʚʦʜʢʠ ʪʨʫʙ ʜʦʩʪʘʪʥʴʦʶ ʦʜʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʢʚʘʨʪʠʨʫ. ʋ 

ʙʫʜʠʥʢʘʭ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʨʦʟʚʦʜʢʦʶ ʦʧʘʣʝʥʥʷ ʥʝʦʙʭʽʜʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘ-

ʣʴʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʢʦʞʥʠʡ ʩʪʦʷʢ ʥʘ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ. 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʥʘ ʰʣʷʭʫ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʜʦ ʩʧʦʞʠʚʘʯʘ ʙʫʜʫʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʴ 

ʢ̫ ʨʽʟʥʠʮʷ ʤʽʞ ʟʘʛʘʣʴʥʠʤ ʦʙʩʷʛʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʦʪʨʠʤʘʥʦʾ ʙʫʜʠʥʢʦʤ ʪʘ ʩʧʦʞʠ-

ʪʦʶ ʩʧʦʞʠʚʘʯʘʤʠ. ɿʘʛʘʣʴʥʘ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʝʥʘ ʩʧʦʞʠʚʘʯʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʩʫ-

ʤʘʨʥʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʤʦʜʫʣʷʤʠ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʢʦʞʝʥ ʩʪʦʷʢ ʙʫʜʠʥʢʫ.  

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʘʥʘʣʦʛʽʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʬʨʦʚʠʡ ʜʘʪʯʠʢ DS18B20, ʫ ʷʢʦʩʪʽ 

ʚʠʤʽʨʶʚʘʯʘ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʥʘʢʣʘʜʥʠʡ ʚʠʪ-

ʨʘʪʦʤʽʨ [1].  

ʉʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʽʜʧʨʘʚʣʷʶʯʠ ʜʘʥʽ 

ʥʘ ʩʝʨʚʝʨ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʾʭ ʚ ɯʥʪʝʨʥʝʪʽ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʤʫ 

ʩʘʡʪʽ. ɺʽʜʧʨʘʚʣʝʥʥʷ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜ̔ʦʢʘʥʘʣʘ ʩʪʘʥʜʘʨʪʫ Wi-

Fi. ʉʝʨʚʝʨ ʦʪʨʠʤʫʻ ʜʘʥʽ ʚʽʜ ʫʩʽʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʙʫʜʠʥ-
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ʢʫ. ʆʪʨʠʤʘʥʘ ʥʘ ʩʝʨʚʝʨʽ ʽʥʬʦʨʤʘʮʽʷ ʦʙʨʦʙʣʷʻʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ. ɼʣʷ ʚʽʜʧʨʘʚʢʠ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʧʦʥʝʥʪ 

ESP8266, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʪʦʢʦʣ TCP/IP [2-4]. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʚʪʨʘʪ ʪʝʧʣʘ ʚ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʤʫ ʙʫ-

ʜʠʥʢʫ ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʚʠʪʨʘʪʠ ʪʝʧʣʘ ʥʘ ʰʣʷʭʫ ʚʽʜ ʚʭʦʜʫ ʫ ʙʫʜʠʥʦʢ 

ʜʦ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ. ʉʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ, ʚʽʜʧʨʘʚʣʷʶʯʠ ʜʘʥʽ ʥʘ ʩʝʨʚʝʨ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʾʭ ʚ ɯʥʪʝʨʥʝʪʽ ʥʘ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʤʫ ʚʝʙ-ʩʘʡʪʽ. ɸʥʘʣʽʟ ʧʦʭʠʙʦʢ ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩ-

ʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʠ ʚʠʢʦʥʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʥʝʟʥʘʯʥʠʤ ʚʽʜʭʠʣʝʥ-

ʥʷʤ. ɹʫʣʘ ʜʦʩʷʛʥʫʪʘ ʧʦʭʠʙʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ 0,5 ʉ, ʘ ʧʦʭʠʙʢʘ ʚʠʪʨʘʪʠ 

ʪʝʧʣʦʥʦʩʽʷ ʩʪʘʥʦʚʠʪʴ 2,5%. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʚʪʨʘʪ ʪʝʧʣʘ ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʶ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽ ʾʧʨʦ ʚʪʨʘʪʠ ʪʝʧʣʘ ʫ ʙʫʜʠʥʢʫ. ʉʝʨʚʝʨ 

ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʽ ʚʽʥ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʠʡʦʤ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʫ 

ʽʥʬʦʨʤʘʮʽʾ. ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʚʪʨʘʪ ʪʝʧʣʘ ʚʠʢʦʥʫʻ ʙʝʟʧʝʨʝʨʚʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʫ 

ʯʘʩʽ ʪʘ ʧʝʨʝʜʘʻ ʚʠʤʽʨʷʥʽ ʜʘʥʽ ʥʘ ʩʝʨʚʝʨ. 

ʄʝʪʘ. ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʪʨʘʪ ʪʝʧʣʘ 

ʚ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʤʫ ʙʫʜʠʥʢʫ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʚʪʨʘʪ ʪʝʧʣʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘ-

ʯʽ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʛʦ ʚʠʤʽ-

ʨʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʚʭʽʜ ʫ ʙʫʜʠʥʦʢ, ʪʘ ʧʦ ʦʜʥʦʤʫ ʤʦʜʫʣʶ ʥʘ ʩʪʦʷʢ ʪʨʫʙʠ. ʊʘ-

ʢʦʞ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʢʦʞʥʫ ʢʚʘʨʪʠʨʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ 

ʜʣʷ ʦʙʣʽʢʫ ʚʠʪʨʘʪ ʪʝʧʣʘ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ ʚ ʢʦʞʥʦʤʫ ʙʫʜʠʥ-

ʢʫ, ʚ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ, ʤʽʩʪʠʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʦ-
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ʜʫʣʽʚ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ ʚʽʜʧʨʘʚʣʷʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ ʧʝʚʥʠʤ ʧʝʨʽʦʜʦʤ ʫ ʯʘʩʽ. ʆʪʞʝ 

ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʫʚʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ: 
1. ɹʝʟʧʝʨʝʨʚʥʘ ʨʦʙʦʪʘ. 
2. ɺʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʨʝʧʣʽʢʘʮʽʾ ʜʘʥʠʭ. 
3. ʆʜʥʦʯʘʩʥʘ ʦʙʨʦʙʢʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ. 
4. ʉʪʽʡʢʽʩʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ (ʥʘʜʘʥʥʷ ʧʝʨʝʚʘʛʠ ʧʨʽʦʨʠʪʝʪʫ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ 

ʚʽʜ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʘ ʥʝ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ). 
5. ʆʙʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
6. ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʜʝʢʽʣʴʢʘ 

ʩʝʨʚʝʨʽʚ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʦʙô̒ ʤʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʥʘʧʠʩʘʥʦ ʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʥʽʡ 

ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java [1, 2]. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʙ ʜʦʜʘʪʦʢ, 
ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʙʘʟʽ ʩʝʨʚʝʨʫ Apache Tomcat, ʷʢʠʡ ʻ ʢʦʥʪʝʡʥʝʨʦʤ ʩʝʨʚʣʝʪʽʚ. ʉʝʨʚ-
ʣʝʪʠ ï ʮʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ API ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʥʪʝʥʪʫ ʜʦ ʚʝʙ-
ʩʝʨʚʝʨʘ. ɼʦʜʘʪʦʢ ʧʦʙʫʜʦʚʘʥʘʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʘ Spring Framework. ʎʝ 
ʙʽʙʣʽʦʪʝʢʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʰʘʙʣʦʥ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘ-
ʙʝʟʧʝʯʝʥʥʷ ï ʽʥʚʝʨʩʽ ʁʫʧʨʘʚʣʽʥʥʷ. ɯʥʚʝʨʩʽʷ ʫʧʨʘʚʣʽʥʥʷ (ʘʥʛʣ. Inversion of Control, 
IoC) - ʮʝ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤʠ, ʧʨʠ ʷʢʦʤʫ ʾʾ ʯʘʩʪʠʥʠ ʦʪʨʠʤʫʶʪʴ ʧʦʪʽʢ ʢʝ-
ʨʫʚʘʥʥʷ (ʚʠʢʣʠʢʘʶʪʴʩʷ) ʽʟ ʟʘʛʘʣʴʥʦʾ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʙʽʙʣʽʦʪʝʢʠ. ɼʘʥʠʡ 
ʧʽʜʭʽʜ ʚ ʧʨʦʝʢʪʫʚʘʥʥʽ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʜʦʜʘʪʦʢ ʙʽʣʴʰ ʛʥʫʯʢʠʤ, ʪʘʢ ʷʢ ʢʦʥʪʝʡʥʝʨ 
ʽʥʚʝʨʩʽʾ ʫʧʨʘʚʣʽʥʥʷ ʙʝʨʝ ʥʘ ʩʝʙʝ ʬʫʥʢʮʽʶ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʩʪʚʦʨʝʥʠʭ 
ʦʙ'ʻʢʪʽʚ, ʪʘ ʨʦʟʩʪʘʚʣʷʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʢʣʘʩʘʤʠ. ʇʽʜ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʦʙ'ʻʢ-
ʪ̔ ʚ ʨʦʟʫʤʽʻʪʴʩʷ ʡʦʛʦ ʩʪʚʦʨʝʥʥʷ, ʽʥʽʮʽʘʣʽʟʘʮʽʷ, ʪʘ ʟʥʠʱʝʥʥʷ. ɼʦʜʘʪʦʢ ʬʫʥʢʮʽʦʥʘʣʴ-
ʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʧʨʠʡʤʘʥʥʷ, ʦʙʨʦʙʢʠ ʡ ʟʙʝʨʝʞʝʥʥʷ ʜʘ-
ʥʠʭ ʪʘ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
ʆʙ'ʻʢʪʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʢʦʥʪʝʡʥʝʨʦʤ, ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴʩʷ ʢʝʨʦʚʘʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ 
(beans). ɿʘʟʚʠʯʘʡ ʢʦʥʬʽʛʫʨʘʮʽʷ ʢʦʥʪʝʡʥʝʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ 
XML -ʬʘʡʣʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʚʠʟʥʘʯʝʥʥʷ bean'ʦʚ ʽ ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ 
ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʢʪʽʚ. ʆʪʨʠʤʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦ-
ʛʦʶ ʧʨʦʪʦʢʦʣʫ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ HTTP, ʪʦʙʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ HTTP ʟʘʧʠʪʽʚ ʪʘ ʚʽ-
ʜʧʦʚʽʜʝʡ. HTTP ʥ̔ʪʝʨʬʝʡʩ ʩʝʨʚʝʨʘ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʽʜʭʦʜʫ 
REST. 
ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʝʢʟʝʤʧʣʷʨʽʚ ʢʣʘʩʩʽʚ ʫ ʙʘʟ ̔ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʨʝʡʤʚʦʨʢ 

Hibernate. Hibernate ï ʟʘʩʽʙ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʦʙ'ʻʢʪʘʤʠ ʪʘ ʨʝʣʷʮʽʡʥʠʤʠ 
ʩʪʨʫʢʪʫʨʘʤʠ (object-relational mapping, ORM). Hibernate ʧʽʢʣʫʻʪʴʩʷ ʧʨʦ ʟʚ'ʷʟʦʢ 
ʢʣʘʩʽʚ ʟ ʪʘʙʣʠʮʷʤʠ ʙʘʟʠ ʜʘʥʠʭ ʽ ʪʠʧʽʚ ʜʘʥʠʭ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ ʪʠʧʘʤʠ ʜʘʥʠʭ 
ʫ ɹɼ, ʽ ʥʘʜʘʻ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʦʙʫʜʦʚʠ ʟʘʧʠʪʽʚ ʡ ʟʯʠʪʫʚʘʥʥʷ/ʟʘʧʠʩʫ ʜʘʥʠʭ. 
ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ ̫ʢʫ ʨʝʣʷʮʽʡʥʫ ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, Microsoft SQL Server, PostgreSQL, DB2, Oracle Database, 
MySQL. ʇʨʦʪʝ ʚʨʘʭʦʚʫʶʯʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʟʘʧʠʩʫ ʫ ɹɼ ʜʦʮʽʣʴʥʦ ʚʠʢʦ-
ʨʠʩʪʘʪʠ ʜʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʫ ʙʘʟʫ ʜʘʥʠʭ Mongo DB. ʊʘʢʦʞ Mongo DB, ʥʘʜʘʻ 
ʤʦʞʣʠʚʩ̔ʪɹ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʨʝʧʣʽʢʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʥʘʜʽʡʥʽʩʪʴ ʟʙʝ-
ʨʝʞʝʥʥʷ ʜʘʥʠʭ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɺʩʽ ʢʣʘʩʠ, ʷʢʽ ʻ ʩʫʪʥʦʩʪʷʤʠ ʩʠʩʪʝʤʠ, 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   21 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʤʦʜʝʣʴ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʜʘʥʠʭ ʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ 
ɹɼ. ʂʦʞʝʥ ʢʣʘʩ ʩʫʪʥʦʩʪʽ ʧʦʤʽʯʘʻʪʴʩʷ ʘʥʦʪʘʮʽʷʤʠ ʜʣʷ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʩʧʦʩʦʙʫ 
ʟʙʝʨʝʞʝʥʥʷ ʡʦʛʦ ʦʙôʻʢʪʽʚ ʫ ɹɼ. 
ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʥʪʝʥʪʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦ-

ʣʦʛʽʾ JSP, CSS, JavaScript. JSP ʩʪʦʨʽʥʢʠ ʢʦʤʧʽʣʶʶʪʴʩʷ JSP-ʢʦʤʧʽʣʷʪʦʨʦʤ ʚ ʩʝʨʚʣʝ-
ʪʠ, ʷʢʽ ʻ Java-ʢʣʘʩʘʤʠ, ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ. JSP ʩʪʦʨʽʥʢʠ ʨʦʟʤʯ̔ʘʶʪʴʩʷ ʟ ʚʠ-
ʢʦʨʠʩʪʘʥʥʷʤ ʙʙ̔ʣ̔ʦʪʝʢʠ JSTL ʪʝʛʽʚ. ɼʣʷ ʢʨʘʱʦʾ ʚʟʘʻʤʦʜʽʾ JavaScript ʪʘ HTML ʟʘ-
ʩʪʦʩʦʚʘʥʘ ʙʽʙʣʽʦʪʝʢʘ jQuery. ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʙʣʽʦʪʝʢʘ 
Google Charts. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʙʫʜʠʥʢʽʚ ʫ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʘ 
ʩʠʩʪʝʤʘ, ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʾʭ ʘʜʨʝʩʠ ʫ ʚʠʛʣʷʜʽ ʛʝʦʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Google 
Maps API. 

ɺʠʩʥʦʚʢʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʪʨʘʪ ʪʝʧʣʘ ʚ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʤʫ ʙʫʜʠʥʢʫ. ʇʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤʠ, ʪʘ ʥʘ ʡʦʛʦ ʩʦʥʦʚʽ ʧʽʜʽʙʨʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟ-

ʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʚʠʤʦʛ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʩʠʩʪʝʤʠ.  

ʃʽʪʝʨʘʪʫʨʘ 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʙʘʪʘʨʝʡ ʞʠʚʣʝʥʥʷ 

ʦʩʦʙʣʠʚʦ ʧʽʜʚʠʱʠʣʠʩʴ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʟʚô̫ ʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴ-

ʥʠʭ ʘʧʘʨʘʪʽʚ, ʩʠʩʪʝʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ, ʨʦʙʦʪʦʪʦʝʭʥʽʮʽ ʪʦʱʦ. 

ɺʠʙʽʨ ʘʚʪʦʥʦʤʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʥʘʧʨʠʢʣʘʜ: ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ, ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ, ʫʤʦʚʠ ʟʙʝʨʽʛʘʥʥʷ, ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʤʘʩʦʚʽ ʪʘ ʛʘʙʘʨʠʪʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʡ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ, ʧʘʨʘʤʝʪʨʠ ʧʨʦʚʽʜʥʠʢʽʚ ʟô̒ ʜʥʘʥʥʷ) ʪʦʱʦ. ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʜʦʩʣʽʜʞʫʻ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʪʘʨʝʡ ʟ ʤʝʪʦʶ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʚʠʷʚʣʝʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ [1]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʠῊ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʥʫ ʙʘʪʘʨʝʡ ʞʠʚ-
ʣʝʥʥʷ, ʩʚʠʥʮʝʚʠʭ ʢʠʩʣʦʪʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʽʩʥʫʻ ʩʽʤʝʡʩʪʚʦ ʧʨʠʣʘʜʽʚ-ʪʝʩʪʝʨʽʚ ʂʫʣʦʥ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʰʚʠʜʢʽ 

ʟʘʤʽʨʠ ʥʘʧʨʫʛʠ, ʥʘʙʣʠʞʝʥʦ ʚʠʟʥʘʯʘʪʠ ʻʤʥʽʩʪʴ ɸʂɹ ʙʝʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʦʟʨʷʜʫ ʽ 

ʟʙʝʨʽʛʘʪʠ ʚ ʧʘʤ'ʷʪʽ ʢʽʣʴʢʘ ʩʦʪʝʥʴ, ʘ ʽʥʦʜʽ ʽ ʪʠʩʷʯ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʠʣʘʜʠ 

ʂʫʣʦʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʦʨʽʻʥʪʦʚʥʦ ʚʠʟʥʘʯʘʶʪʴ ʻʤʥʽʩʪʴ ʧʦ-



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   22 

ʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. ʇʨʦʪʝ ʪʘʢʽ ʧʨʠʣʘʜʠ ʥʝ ʤʦʞʫʪʴ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ 

ʟʘʨʷʜʫ ɸʂɹ, ʚʩʽ ʚʠʤʽʨʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʦʤʫ ʘʢʫʤʫʣʷ-

ʪʦʨʽ. 

ʊʘʢʦʞ ʽʩʥʫʻ ʨʽʟʥʦʚʠʜ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ - ʪʝʩʪʝ-

ʨʠ PITE. ʎʽ ʧʨʠʣʘʜʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʜʘʪʠ ʪʠʧ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘ-

ʨʝʾ, ʚʠʢʦʥʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʽ ʦʧʦʨʫ ʘʙʦ ʥʘʧʨʫʛʠ ʽ ʧʨʦʚʽʜʥʦʩʪʽ. ɯʥʪʝʨʬʝʡʩ 

ʧʨʠʣʘʜʫ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʷʢ ʧʦʦʜʠʥʦʢʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʪʘʢ ʽ ʩʝʨʽʡʥʽ, ʱʦ ʟʨʫʯʥʦ 

ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʪʠʧʥʠʭ ʙʘʪʘʨʝʡ. 

ɹʽʣʴʰ ʨʦʟʚʠʥʫʪʽ ʧʨʠʣʘʜʠ - ʧʨʠʣʘʜʠ Fluke Battery Analyzer ʩʝʨʽʾ 500, ʷʢʽ ʜʦʟʚʦ-

ʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ ʚ ʧʘʤ'ʷʪʽ ʥʘʧʨʫʛʫ, ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʩʪʘʮʽʦʥʘʨʥʦʾ ʙʘ-

ʪʘʨʝʾ, ʪʝʤʧʝʨʘʪʫʨʫ ʤʽʥʫʩʦʚʦʾ ʢʣʝʤʠ, ʥʘʧʨʫʛʫ ʧʨʠ ʨʦʟʨʷʜʮʽ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʜʘʪ-

ʢʦʚʠʭ ʘʢʩʝʩʫʘʨʽʚ ʤʦʞʥʘ ʚʠʤʽʨʶʚʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ ʚ ʧʘʤ'ʷʪʽ ʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. ʊʝʩʪʠ 

ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʷʢ ʚ ʨʝʞʠʤʽ ʦʢʨʝʤʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʪʘʢ ʽ ʚ ʩʝʨʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʣʘʰʪʦʚʘʥʽ ʧʨʦʬʽʣʽ [2].  

ʈʦʟʛʣʷʥʫʪʽ ʧʨʠʣʘʜʠ ʥʝ ʜʘʶʪʴ ʟʤʦʛʠ ʜʦʩʣʽʜʠʪʠ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʪʘʨʝʡ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʪʘʨʝʡ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ ʻ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʻ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘ-

ʟʦʥʽ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʪʘʨʝʡ 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ. ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ. ɼʣʷ ʨʝ-

ʘʣʽʟʘʮʽʾ ʧʨʦʪʦʪʠʧʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ATMEGA328, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʛʦ ʚʠʢʦʥʫʪ̒ʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝ-

ʤʝʥʪʘ ʞʠʚʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʢʝʨʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʙʘʪʘʨʝʾ ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʟ ʥʠʟʴʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚ ʩʠʩʪʝʤʫ ʽʥʪʝʛʨʦʚʘʥʠʡ ʤʦʜʫʣʴ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʘ ʇʝʣʴʪʴʻ, ʱʦ ʜʘ ̒ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʪʦʯʫʶʯʦʛʦ ʩʪʘʥʫ ʙʘʪʘʨʝʾ. ʂʝʨʫʚʘʥʥʷ ʮʠʤ ʤʦʜʫʣʝʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʙʣʦʢʦʤ ʞʠʚʣʝʥʥʷ, ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʟʘ ʜʦʧʦʤʦʛʦʻ ʐɯʄ ʤʦʜʫʣʷ-

ʮʽʾ.  
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ɼʣʷ ʪʦʯʥʦʾ ʦʮʽʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʪʘʨʝʾ ʚ ʭʦʣʦʜʠʣʴʥʦ-

ʤʫ ʤʦʜʫʣʽ ʚʙʫʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʘʪʯʠʢ DS18B20. 

ʆʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʭʽʜ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤ ʢʘʥʘʣʦʤ 

USB ʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʽ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʜʘ ̒ʟʤʦʛʫ ʜʦʩʣʽʜʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʙʘʪʘʨʝʡ ʞʠʚʣʝʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ. ɰʾ ʧʝʨʝʚʘʛʦʶ ʩʝʨʝʜ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʩʠʩʪʝʤ ʻ ʜʝʰʝʚʠʟʥʘ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ. 

ʃʽʪʝʨʘʪʫʨʘ 
1.http://www.skomplekt.com/ proverka_akb_kakie_parametry_ akkumulyatornyh_batarej_ nuzhno_ 

proveryat _i_ kak_ehto_sdelat 

2. http://www.wonatech.ru/catalog/5446/5450 
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ʃɯʑɽʅʂʆ ɼ.ʉ., ʐʅʀʈɸ ɸ.ɺ., ɼʆɹʈʆʃʖɹʆɺɸ ʄ.ɺ. 

ʉʀʉʊɽʄɸ ʄʆʅɯʊʆʈʀʅɻʋ ʇʆʂɸɿʅʀʂɯɺ ʗʂʆʉʊɯ ʇʀʊʅʆɰ ɺʆɼʀ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʂʠʾʚ, ʋʢʨʘʾʥʘ, e-mail: silence4r4@mail.ru 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʗʢʽʩʪʴ ʚʦʜʠ, ʷʢʘ ʧʦʩʪʘʯʘʻʪʴʩʷ ʜʦ ʙʫʜʽʚʝʣʴ, ʦʮʽʥʶʻʪʴʩʷ ʟʘ 

ʬʽʟʠʯʥʠʤʠ, ʭʽʤʽʯʥʠʤʠ, ʩʘʥʽʪʘʨʥʦ-ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʠʤʠ ʪʘ ʝʧʽʜʝʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘ-

ʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʨʽʚʝʥʴ Ph ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ. 

ɼʣʷ ʧʠʪʥʦʾ ʚʦʜʠ ʨʽʚʝʥʴ Ph ʩʢʣʘʜʘʻ ʚʽʜ 6 ʜʦ 9. ɼʦʚʦʣʽ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʠ-

ʪʫʘʮʽʾ, ʢʦʣʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʧʦʨʫʰʫʻʪʴʩʷ ʽ ʮʽ ʟʥʘʯʝʥʥʷ ʟʤʽ-

ʥʶʶʪʴʩʷ. ʊʦʤʫ ʙʽʣʴʰʽʩʪʴ ʣʶʜʝʡ ʚ ʋʢʨʘʾʥʽ ʚʦʜʫ ʟ-ʧʽʜ ʢʨʘʥʫ ʥʝ ʩʧʦʞʠʚʘʶʪʴ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ (ʢʠʧôʷʪʽʥʥʷ, ʚʽʜʩʪʦʶʚʘʥʥʷ ʘʙʦ ʬʽʣʴʪʨʘʮʽʾ), ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʥʠʱʠʪʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʷʢʠʭ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʥʝ ʤʘʻ ʙʫʪʠ. 

ɯʥʰʠʡ ʚʘʞʣʠʚʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʚʦʜʠ ï ʪʝʤʧʝʨʘʪʫʨʘ. ʑʦʨʽʯʥʦ ʫʢʨʘʾʥʮʽ ʧʝʨʝʧ-

ʣʘʯʫʶʪʴ 1,7 ʤʣʨʜ. ʛʨʥ. ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʠ ʦʪʨʠʤʫʶʪʴ ʚʦʜʫ, ʥʝʧʨʠʜʘʪʥʫ ʜʣʷ ʩʧʦʞʠ-

ʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʱʝ ʷʢ ʤʽʥʽʤʫʤ 4,5 ʤʣʨʜ. ʛʨʥ. ï ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʛʘʨʷʯʘ ʚʦʜʘ ʧʦʩ-

ʪʘʯʘʻʪʴʩʷ ʟ ʟʘʥʠʞʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʃʠʰʝ 47% ʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ ʤʘʶʪʴ 

ʜʦʩʪʫʧ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘʣʝ ʡ ʚʦʥʠ ʦʪʨʠʤʫʶʪʴ ʥʝʷ-

ʢʽʩʥʽ ʧʦʩʣʫʛʠ. ʁʜʝʪʴʩʷ ʧʨʦ ʪʝ, ʱʦ ʟʘ ʥʦʨʤʘʤʠʪʝʤʧʝʨʘʪʫʨʘ ʛʘʨʷʯʦʾ ʚʦʜʠ ʧʦʚʠʥʥʘ 

ʙʫʪʠʥʝ ʤʝʥʰʝ 50 Áʉ, ʘʣʝ ʡ ʥʝ ʚʠʱʝ 75 Áʉ. ʂʦʞʝʥ ʩʧʦʞʠʚʘʯ ʤʦʞʝ ʩʘʤʦʩʪʽʡʥʦ ʚʠ-
ʤʽʨʷʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʨʷʯʦʾ ʚʦʜʠ ï ʷʢʱʦ ʚʦʥʘ ʤʝʥʰʘ, ʟʘ ʨʝʛʣʘʤʝʥʪʦʚʘʥʫ, ʧʣʘʪʘ 

ʤʘʻ ʟʤʝʥʰʫʚʘʪʠʩʷ ʜʦ 30 %, ʘ ʷʢʱʦ çʛʘʨʷʯʘè ʚʦʜʘ ʥʠʞʯʘ 40 %, ʚʦʥʘ ʤʘʻ ʦʧʣʘʯʫʚʘ-

ʪʠʩʷ ʷʢ ʭʦʣʦʜʥʘ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʛʘʨʷʯʫ ʚʦʜʫ, ʚʦʥʘ ʧʦʩʪʘ-

ʯʘʻʪʴʩʷ ʟ ʟʘʥʠʞʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ (ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 15 %), ʱʦ ʟʙʽʣʴʰʫʻ ʦʙʩʷʛ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʡʚʠʭ ʚʠʪʨʘʪ ʢʦʰʪʽʚ ʛʨʦʤʘʜʷʥ [1]. 

ʄʝʪʘ. ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʠʪʥʦʾ ʚʦʜʠ, ʱʦ ʧʦʩʪʘʯʘʻʪʴʩʷ ʜʦ ʙʫʜʽ-

ʚʝʣʴ, ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʨʽʚʥʷ Ph. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʧʽʜʩʠʩʪʝʤ, ʘ ʩʘʤʝ ʧʽʜʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʽʜʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʚʥʷ Ph. ʂʦʞʥʘ ʟ ʧʽʜʩʠʩʪʝʤ ʤʘʻ ʨʽʟʥʽ ʧʦʭʠʙʢʠ, ʱʦ ʩʧʨʦʱʫʻ ʨʦʟʨʘʭʫʥʢʠ ʱʦʜʦ ʚʠ-

ʤʽʨʽʚ ʪʘ ʥʘʜʘʻ ʙʽʣʴʰ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

http://www.skomplekt.com/%20proverka_akb_kakie_parametry_%20akkumulyatornyh_batarej_%20nuzhno_%20proveryat%20_i_%20kak_ehto_sdelat
http://www.skomplekt.com/%20proverka_akb_kakie_parametry_%20akkumulyatornyh_batarej_%20nuzhno_%20proveryat%20_i_%20kak_ehto_sdelat
http://www.wonatech.ru/catalog/5446/5450
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ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʘʥʘʣʦʛʽʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽ-

ʚʥʷ ʨʅ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ LMP91200,ʷʢʘ ʧʨʘʮʶʻ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʧʨʫʛʠ ʚʽʜ 

1,8 ɺ ʜʦ 5,5 ɺ ʽ ʮʠʬʨʦʚʠʡ ʜʘʪʯʠʢ DS18B20 ï ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ [2, 3]. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʽ 

ʧʨʦʙʣʝʤʠ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦ-

ʚʝʜʝʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯ-

ʥʦʛʦ ʧʨʦʮʝʩʫ (ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ) [4]. ʇʽʩʣʷ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝ-

ʨʘʪʫʨʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʩʽ 

ʟʥʘʯʝʥʥʷ ʚʢʣʘʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥ ʚʽʜ 

35,2 Áʉ (ʤʽʥʽʤʫʤ) ʜʦ 

60,1 Áʉ(ʤʘʢʩʠʤʫʤ). ʈʝʟʫʣʴʪʘʪʠ 

ʬʘʢʪʠʯʥʠʭ ʚʠʤʽʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ 

ʛʘʨʷʯʦʾ ʚʦʜʠ, ʷʢʘ ʧʦʩʪʘʯʘʻʪʴʩʷ ʚ 

ʙʫʜʠʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚ ʪʘʙʣ. 1. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʬʦʨʤʫ-

ʣʦʶ                       
. .

. .
5223,16

52,2316
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T

m
,                               (1) 

ʜʝ . .imvT  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ,im ï ʯʘʩʪʦʪʘ ʚʣʫʯʝʥʴ ʚʠʤʽʨʶʚʘʥʴ ʚ i-ʡ ʽʥʪʝ-

ʨʚʘʣ. 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ s ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʤʦʞʥʘ ʚʠ-

ʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ.  

( )2. . . .-
s=
ä
ä

mv imv i

i

T T m

m
.     (2) 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥ-

ʢʫ ʚʠʥʝʩʝʤʦ ʥʝʦʙʭʽʜʥʽ ʚʠʭʽ-

ʜʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʚ 

ʪʘʙʣ. 2. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʬʦʨʤʫʣʫ 

(2) ʥʝʦʙʭʽʜʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʜʘʥʽ ʟ ʪʘʙʣʠʮʽ 2, ʦʪʨʠʤʘʻʤʦ: 

ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ s: 

5296,1254
7,277

100
2

s= = ; 

ï ʚʝʣʠʯʠʥʫ ʧʦʣʷ ʨʦʟʩʽʶ-

ʚʘʥʥʷ maxw : max 3 7,227 3 21,83w =°s= Ö =. 

ʊʘʙʣʠʮʷ 1. ʈʝʟʫʣʴʪʘʪʠ ʬʘʢʪʠʯʥʠʭ ʚʠʤʽʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ 

ʛʘʨʷʯʦʾ ʚʦʜʠ 

ʅʦʤʝʨ 

ʽʥʪʝʨʚʘʣʫ 

ɼʽʘʧʘʟʦʥ 

ʽʥʪʝʨʚʘʣʫ, ϊʉ 

ʉʝʨʝʜʠʥʘ 

ʽʥʪʝʨʚʘʣʫ,ϊʉ 

ʏʘʩʪʦʪʘ (m) 

ʧʦʧʘʜʘʥʥʷ ʚ 

ʽʥʪʝʨʚʘʣ, ʰʪ. 

1 35,2 - 37,69 36,445 2 

2 37,69 - 40,18 38,935 4 

3 40,18 - 42,67 41,425 5 

4 42,67 - 45,16 43,915 7 

5 45,16 - 47,65 46,405 8 

6 47,65 - 50,14 48,895 8 

7 50,14 - 52,63 51,385 9 

8 52,63 - 55,12 53,875 9 

9 55,12 - 57,61 56,365 22 

10 57,61 - 60.1 58,855 26 

ʊʘʙʣʠʮʷ 2. ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ 

ʅʦʤʝʨ 

ʽʥʪʝʨʚʘʣʫ 

ʏʘʩʪʦʪʘ (

im) ʧʦ-
ʧʘʜʘʥʥʷ ʚ 

ʽʥʪʝʨʚʘʣ, 

ʰʪ. 

. .imvT ,ϊʉ ( )2. . . .-mv imvT T  ( )2. . . .-mv imv iT T m

 

1 2 3 4 5 

1 2 36,445 249,216 498,433 

2 9 38,935 176,799 1591,196 

3 10 41,425 116,782 1167,826 

4 9 43,915 69,165 622,492 

5 9 46,405 33,949 305,543 

6 4 48,895 11,132 44,531 

7 11 51,385 0,716 7,884 

8 9 53,875 2,700 24,306 

9 22 56,365 17,084 375,869 

10 15 58,855 43,869 658,041 

ʈʘʟʦʤ 100     5296,125 
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ɺʠʟʥʘʯʠʤʦ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʽʜʭʠʣʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʩʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʩʝʨʝʜʠʥʠ ʧʦʣʷ ʜʦʧʫʩ-

ʢʫ ʟʘ ʬʦʨʤʫʣʦʶ 
. .

75 50
52,2316 10,2684.

2 2
- +

D = - = - =-h l
c mv

T T
T T  

ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʩʫʚʫ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʽ ʥʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. ɼʣʷ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʚʽʜ-

ʭʠʣʝʥʴ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʬʫʥʢʮʽʻʶ ʃʘʧʣʘʩʘ ()Fz, ʜʝ=
s
x

z . 

ɺʠʟʥʘʯʠʤʦ ʚʝʨʭʥʻ ʽ ʥʠʞʥʻ ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ z: 

75 52,2316
3,1288

7,277
- -

= = =
s

h mean
h

T T
z ; 50 52,2316

0,3066
7,277

- -
= = =-
s

l mean
l

T T
z . 

ʁʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚʽʜʭʠʣʝʥʥʷ hP  ʟʘ ʚʝʨʭʥʴʦʶ ʛʨʘʥʠʮʝʶ ʜʦʧʫʩʢʫ ʪʘ lP 

ʥʠʞʥʴʦʶ ʛʨʘʥʠʮʝʶ ʜʦʧʫʩʢʫ ʜʦʨʽʚʥʶʻ: 

() ( ) ( )0,5 0,5 3,1288 0,5 0,4986 0,0014 0,14%;= -F = -F = - =h hP z ʘʙʦ  

() ( ) ( )0,5 0,5 0,3066 0,5 0,1179 0,3821 38,21%= -F = -F- = - =l lP z ʘʙʦ . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʤʘʨʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʛʨʘʥʠʮʴ 

ʜʦʧʫʩʢʫ ʩʪʘʥʦʚʠʪʴ 38,35 % . ʆʯʝʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʤʝʥʰʽ ʥʠʞʥʴʦʾ ʛʨʘʥʠʮʽ 

ʜʦʧʫʩʢʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʛʨʦʤʘʜʷʥʠ, ʷʢʽ ʚʠʷʚʠʣʠ, ʱʦ ʟ ʢʨʘʥʘ ʪʝʯʝ ʭʦʣʦʜʥʘ ʚʦʜʘ ʟʘʤʽʩʪʴ 

ʛʘʨʷʯʦʾ ʨʦʙʣʷʪʴ 5 ʢʨʦʢʽʚ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʾʤ ʚʽʜʥʦʚʠʣʠ ʛʘʨʷʯʫ ʚʦʜʫ ʪʘ ʚʽʜʰʢʦʜʫʚʘʣʠ 

ʢʦʰʪʠ. 

ʂʨʦʢ ˉ 1. ʉʢʣʘʩʪʠ ʘʢʪ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʪʨʴʦʭ ʦʩʽʙ, ʜʝ ʚʢʘʟʘʪʠ ʜʘʪʫ, ʯʘʩ, ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʚʦʜʠ. ɼʣʷ ʮʴʦʛʦ ʢʨʘʱʝ ʟʘʧʨʦʩʠʪʠ ʩʫʩʽʜʽʚ ʘʙʦ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ɾɽʂʫ ʯʠ ʆʉɹɹ. 

ʂʨʦʢ ˉ 2. ʅʘʧʠʩʘʪʠ ʟʘʷʚʫ ʥʘ ʽʤ'ʷ ʙʘʣʘʥʩʦʫʪʨʠʤʫʚʘʯʘ (ɾɽʂ, ʆʉɹɹ ʪʦʱʦ).  

ʂʨʦʢ ˉ 3. ʋʧʨʦʜʦʚʞ ʜʦʙʠ ʢʦʤʫʥʘʣʴʥʠʢʠ ʧʦʚʠʥʥʽ ʚʞʠʪʠ ʟʘʭʦʜʽʚ. ʗʢʱʦ ʧʨʦ-

ʙʣʝʤʘ ʥʝ ʚʠʨʽʰʫʻʪʴʩʷ, ʪʦ ʙʘʣʘʥʩʦʫʪʨʠʤʫʚʘʯ ʧʦʚʠʥʝʥ ʚʠʨʽʰʠʪʠ ʮʝ ʧʠʪʘʥʥʷ ʫ ʨʘʡʘ-

ʜʤʽʥʽʩʪʨʘʮʽʾ ʽ ʜʝʧʘʨʪʘʤʝʥʪʽ ɾʂɻ. ɸ ʜʦ ʚʘʩ ʧʦʚʠʥʥʘ ʧʨʠʡʪʠ ʢʦʤʽʩʽʷ ʟ ɾɽʂʫ, ʷʢʘ 

ʧʨʦʚʝʜʝ ʟʘʤʽʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ. 

 

ʈʠʩ. 1. ɻʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ ʩʘʡʪʫ 
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ʈʠʩ. 2. ʄʦʥʽʪʦʨʠʥʛ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ 

ʂʨʦʢ ˉ 4. ʗʢʱʦ ʯʝʨʝʟ ʜʦʙʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʞʯʝ ʥʦʨʤʠ, ʪʦ ʚʘʤ 

ʧʦʚʠʥʥʽ ʥʘʨʘʭʫʚʘʪʠ ʧʣʘʪʫ ʟʘ ʛʘʨʷʯʫ ʚʦʜʫ ʟʘ ʪʘʨʠʬʦʤ ʭʦʣʦʜʥʦʾ. 

ʂʨʦʢ ˉ 5. ɿ ʜʥʷ ʧʦʜʘʯʽ ʟʘʷʚʠ ʚʝʩʴ ʧʝʨʽʦʜ, ʧʦʢʠ ʫ ʚʘʩ ʚʦʜʘ ʣʝʜʴ ʪʝʧʣʘ, ʧʣʘʪʠʪʠ 

ʚʠ ʧʦʚʠʥʥʽ ʟʘ ʥʝʾ, ʷʢ ʟʘ ʭʦʣʦʜʥʫ. ʗʢʱʦ ʚʘʤ ʥʝ ʧʝʨʝʨʘʭʦʚʫʶʪʴ ʢʚʘʨʪʧʣʘʪʫ ʘʙʦ ʥʝ 

ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʫ, ʪʦ ʚʠ ʤʦʞʝʪʝ ʧʦʜʘʪʠ ʜʦ ʩʫʜʫ ʥʘ ʙʘʣʘʥʩʦʫʪʨʠʤʫʚʘʯʘ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʷʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʩʢʣʘʜʥʦ-

ʱʽʚ çʩʭʝʤʠ ʟʘʷʚʦʢè ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʧʦʩʪʘʯʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʜʦʧʦʚʥʝʥʥʷʤʠ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜ-

ʥʠʭ ʩʪʘʙʽʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʠʪʥʦʾ ʚʦʜʠ. ʉʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʽʜʧʨʘʚʣʷʶʯʠ ʜʘʥʽ ʥʘ ʩʝʨʚʝʨ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ 

ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʾʭ ʚ ɯʥʪʝʨʥʝʪʽ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʤʫ ʩʘʡʪʽ [5-13]. ʅʘ ʛʦʣʦʚʥʽʡ 

ʩʪʦʨʽʥʮʽ ʩʘʡʪʫ ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʤʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʚʠʤʽ-

ʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ (ʨʠʩ. 1). 

ʇʽʩʣʷ ʥʘʪʠʩʥʝʥʥʷ ʥʘ ʤʘʨʢʝʨ ʟ ʢʘʨʪʠ, ʢʦʨʠʩʪʫʚʘʯ ʧʝʨʝʡʜʝ ʥʘ ʩʪʦʨʽʥʢʫ ʟ ʚʽʜʦʙʨʘ-

ʞʝʥʥʷʤ ʜʘʥʠʭ ʱʦʜʦ ʚʠʙʨʘʥʦʾ ʪʦʯʢʠ. ʅʘ ʮʽʡ ʩʪʦʨʽʥʮʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʛʨʘʬʽʢʠ ʧʦ-

ʢʘʟʥʠʢʽʚ ʛʘʨʷʯʦʾ ʚʦʜʠ ʪʘ ʨʽʚʥʷ ʨʅ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʨʠʩ. 2). 

ʊʘʢʦʞ ʥʘ ʩʘʡʪʽ ʧʨʠʩʫʪʥʷ ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʦʥʠ ʤʦʞʫʪʴ ʟʘʣʠ-

ʰʘʪʠ ʦʥʣʘʡʥ ʟʘʷʚʢʠ ʟ ʙʫʜʴ-ʷʢʠʭ ʧʠʪʘʥʴ, ʟʦʢʨʝʤʘ ʧʦ ʚʽʜʭʠʣʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩ-

ʪʽ ʧʠʪʥʦʾ ʚʦʜʠ (ʨʠʩ. 3). 

ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʮʝʩʫ ʨʝʻʩʪʨʘʮʽʾ ʚʽʜʭʠʣʝʥʥʷ, ʪʦʙʪʦ ʧʝʨ-

ʰʠʭ ʜʚʫʭ ʢʨʦʢʽʚ. ɿʘʚʜʷʢʠ ʚʝʙ-ʩʘʡʪʫ ʙʫʜʴ-ʭʪʦ ʤʦʞʝ ʧʝʨʝʚʽʨʠʪʠ ʩʪʘʥ ʚʦʜʠ ʚ ʙʫʜʠʥ-

ʢʫ, ʘ ʪʘʢʦʞ ʧʨʘʮʽʚʥʠʢʠ ɾɽʂʫ ʯʠ ʆʉɹɹ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʦʪʨʠ-
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ʤʘʪʠʤʫʪʴ ʩʤʩ-ʧʦʚʽʜʦʤʣʝʥʥʷ, ʜʝ ʙʫʜʝ ʟʘʟʥʘʯʘʪʠʩʷ ʚʩʷ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ.  

 

ʈʠʩ. 3. ʉʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ, ʱʦ 

ʧʦʩʪʘʯʘʻʪʴʩʷ ʜʦ ʙʫʜʠʥʢʽʚ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʥʘ ʚʽʜʩʪʝʞʠʪʠ, ʷʢʽ ʩʘʤʝ ʙʫʜʠʥʢʠ ʥʝ 

ʦʪʨʠʤʫʶʪʴ ʷʢʽʩʥʫ ʚʦʜʫ, ʦʪʞʝ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʤʘʶʪʴ ʙʫʪʠ ʧʝ-

ʨʝʚʽʨʝʥʽ ʽ ʟʘʤʽʥʝʥʽ. 

ʉʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʽʜʧʨʘʚʣʷʶʯʠ ʜʘʥʽ 

ʥʘ ʩʝʨʚʝʨ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʾʭ ʚ ɯʥʪʝʨʥʝʪʽ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʤʫ 

ʩʘʡʪʽ. ɸʥʘʣʽʟ ʧʦʭʠʙʦʢ ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʚʦʜʠ ʚʠʢʦʥʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʥʝʟʥʘʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ. ɹʫʣʘ ʜʦʩʷʛʥʫʪʘ ʧʦʭʠʙʢʘ ʪʝ-

ʤʧʝʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ 0,5 Áʉ, ʘ ʨʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʢʠ ʨʅ ʚʽʜʙʫʚʘʚʩʷ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʽ, ʱʦʩʪʘʥʦʚʠʪʴ+25 ÁC, ʪʘ ʧʨʠ ʪʝʦʨʝʪʠʯʥʦʤʫ ʥʘʭʠʣʫ ʅʝʨʥʩʪʘ,ʨʽʚʥʦʤʫ 

59,16 ʤɺ/ʨʅ. ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʽʚʥʷ ʨʅ ʜʦʨʽʚʥʶʻ 0,2 %. 

ʏʠʤ ʙʽʣʴʰʝ ʢʦʤʧʣʝʢʪʽʚ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʪʠʤ ʣʝʛʰʝ ʙʫʜʝ ʚʠʟʥʘ-

ʯʠʪʠ ʤʽʩʮʝ, ʷʢʝ ʟʘʙʨʫʜʥʶʻ ʚʦʜʫ. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɹʝʟʜʨʦʪʦʚʘ ʩʝʥʩʦʨʥʘ ʤʝʨʝʞʘ ï ʮʝ ʨʦʟʧʦʜʽʣʝʥʘ ʩʘʤʦʦʨ-

ʛʘʥ̔ʟʦʚʘʥʘ ʤʝʨʝʞʘ ʜʘʪʯʠʢʽʚ (ʩʝʥʩʦʨʽʚ) ʽ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʦʙ'ʻʜʥʘʥʠʭ ʤʽʞ ʩʦ-

ʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʢʘʥʘʣʫ. ʆʙʣʘʩʪʴ ʧʦʢʨʠʪʪʷ ʧʦʜʽʙʥʦʾ ʤʝʨʝʞʽ ʤʦʞʝ ʩʪʘʥʦʚʠ-

ʪʠ ʚʽʜ ʜʝʩʷʪʢʽʚ ʤʝʪʨʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʜʘʪʥʦʩʪʽ ʨʝʪʨʘʥʩʣʷʮʽʾ 

ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜ ʦʜʥʦʛʦ ʚʫʟʣʘ ʤʝʨʝʞʽ ʜʦ ʽʥʰʦʛʦ. ɹʝʟʜʨʦʪʦʚʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ï ʮʝ 

ʥʦʚʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ. ɹʘʛʘʪʦ ʛʘʣʫʟʝʡ ʽ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ (ʧʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʪʨʘʥʩʧʦʨʪ, ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʦʭʦʨʦʥʘ) ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʝʥʩʦ-

ʨʥʠʭ ʤʝʨʝʞ. 

ɸʥʘʣʽʟ ʜʦʩʷʛʥʝʥʴ. ʆʩʥʦʚʥʽ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ - ʩʠʩʪʝʤʠ  

ʙʝʟʧʝʢʠ; ʢʦʥʪʨʦʣʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʤʦʥʽʪʦʨʠʥʛ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜ-

ʥʘʥʥʷ; ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷʤ; ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ; ʩʪʝʞʝʥʥʷ ʟʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʚʘʥʪʘʞʽʚ; ʤʦʥʽʪʦʨʠʥʛ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ. ʆʜʥʘʢ 

ʧʨʘʢʪʠʯʥʽʩʪʴ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʾʾ ʨʝʘʣʽʟʫʻ. ʊʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚʠʥʥʝ ʙʫʪʠ ʧʨʦʩʪʠʤ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ, ʥʝʜʦʨʦʛʠʤ ʽ 

ʝʢʦʥʦʤʽʯʥʠʤ ʱʦʜʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʧʦʙʫʜʦʚʽ ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞ ʦʜʥʠʤʠ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʧʨʦʙʣʝʤ ʻ ʘʚʪʦʥʦʤʥʽʩʪʴ ʽ ʨʘʜʽʫʩ ʧʦʢʨʠʪʪʷ. ɺʠʙʽʨ 

ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʜʨʦʪʦʚʦʾ ʩʠʩʪʝʤʠ, ʪʦ-

ʤʫ ʱʦ ʮʝʡ ʧʘʨʘʤʝʪʨ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʜʘʣʴʥʽʩʪʶ ʟʚ'ʷʟʢʫ, ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪ-

ʥʽʩʪʶ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ.  

ʄʝʪʘ ʜʦʧʦʚʽʜʽ.ʄʝʪʦʶ ʨʦʟʨʦʙʢʠ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʙʦʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘ ʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʙʝʟʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ ʩʫʙʛʽʛʘʛʝʨʮʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ.  

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.ʊʦʧʦʣʦʛʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ ï 

ʜʝʨʝʚʦʚʠʜʥʘ. ɺ ʩʭʝʤʽ ʧʨʠʩʪʨʦʶ (ʚʫʟʣʘ ʤʝʨʝʞʽ) ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ  

MSP430G2553 ʪʘ ʩʫʙʛʽʛʘʛʝʨʮʦʚʠʡ ʧʨʠʡʤʘʯ/ʧʝʨʝʜʘʚʘʯ ʉʉ1101. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʫʟʣʘ ʨʦʟʨʦʙʣʝʥʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʩʽʤʝʡʩʪʚʘ MSP430 ʤʽʩʪʠʪʴ 16-ʨʦʟʨʷʜʥʝ RISC CPU, ʧʝʨʠʬʝʨʽʡ-

ʥʽ ʤʦʜʫʣʽ ʪʘ ʩʠʩʪʝʤʫ ʪʘʢʪʫʚʘʥʥʷ. ɸʨʭʽʪʝʢʪʫʨʘ ʟ ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʚʽʜ-

ʨʽʟʥʷʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ: ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʚʤʽʩʪʫ ʆɿʇ ʥʝʦʙʭʽʜʥʠʡ 

ʩʪʨʫʤ ʥʝ ʙʽʣʴʰʝ 0,1 ʤʢɸ; ʤʦʜʫʣʴ ʪʘʢʪʫʚʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʩʧʦʞʠʚʘʻ 0,8 ʤʢɸ; 

ʩʪʨʫʤ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 250 ʤʢɸ.  

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʫʟʣʘ ʙʝʟʜʨʦʪʦʚʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ 

ɺʩʽ ʧʨʠʩʪʨʦʾ ʤʝʨʝʞʽ ʧʨʘʮʶʶʪʴ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 868.0-868.4 ʄɻʮ. ʄʘʢʩʠ-

ʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ ʜʦ 10ʤɺʪ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʦʚʥʽʰʥʴʦʾ ʘʥʪʝʥʠ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʜʘʣʴʥʦʩʪʽ ʜʦ 300ʤ. ʄʦʜʫʣʷʮʽʷ ʨʘʜʽʦʩʠʛʥʘʣʫ - GFSK. 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   29 

ʉʧʝʢʪʨ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ʉʧʝʢʪʨ ʨʘʜʽʦʩʠʛʥʘʣʫ 

ɺʠʜʽʣʝʥʦ ʜʚʘ ʚʠʜʠ ʧʨʠʩʪʨʦʾʚ ʚ ʤʝʨʝʞʽ: ʛʦʣʦʚʥʠʡ ʚʫʟʦʣ ʽ ʧʽʜʣʝʛʣʽ ʚʫʟʣʠ (ʩʝʥʩʦ-

ʨʠ). ɻʦʣʦʚʥʠʡ ʚʫʟʦʣ ʢʦʥʬʽʛʫʨʫʻ, ʫʧʨʘʚʣʷʻ ʽ ʧʽʜʪʨʠʤʫʻ ʤʝʨʝʞʫ. ɻʦʣʦʚʥʠʡ ʚʫʟʦʣ 

ʪʘʢʦʞ ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʝʨʝʞʝʚʫ ʪʦʧʦʣʦʛʽʶ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɸʧʘʨʘʪʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʦʟʚʦʣʷʶʪʴ ʘʜʨʝʩʫʚʘʪʠ ʜʦ 255 ʚʫʟʣʽʚ 

ʤʝʨʝʞʽ. ʉʝʥʩʦʨʥʠʡ ʚʫʟʦʣ ʦʪʨʠʤʫʻ ʚʠʤʽʨʶʚʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʜʘʪʯʠʢʽʚ ʽ ʚʽʜʧ-

ʨʘʚʣʷʻ ʜʘʥʽ ʯʝʨʝʟ ʤʝʨʝʞʫ ʜʦ ʛʦʣʦʚʥʦʛʦ ʚʫʟʣʘ. ɼʘʥʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʚ ʧʨʦʤʽʞʥʠʭ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʘʭ. ɯʥʬʦʨʤʘʮʽʷ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʩʝʥʩʦʨʥʦʤʫ ʚʫʟʣʽ, 

ʷʚʣʷʻ ʩʦʙʦʶ ʘʜʨʝʩʫ ʡʦʛʦ ʚʠʱʦʛʦ ʟʘ ʪʦʧʦʣʦʛʽʻʶ ʚʫʟʣʘ. ʇʽʜʪʨʠʤʫʶʪʴʩʷ ʧʝʨʝʜʘʯʘ 

ʜʘʥʠʭ ʥʘ ʚʠʤʦʛʫ ʟʘ ʟʘʧʠʪʦʤ ʽ ʧʝʨʽʦʜʠʯʥʝ ʟʚʽʪʫʚʘʥʥʷ ʩʝʥʩʦʨʥʦʛʦ ʚʫʟʣʘ. ʊʦʙʪʦ 

ʟʚôʷʟʦʢ ʜʚʦʭʩʪʦʨʦʥʥʽʡ ï ʨʝʘʣʽʟʦʚʘʥʘ ʥʠʟʭʽʜʥʘ ʽ ʚʠʩʭʽʜʥʘ ʣʽʥʽʷ, ʱʦ ʧʨʘʮʶʻ ʚ ʥʘʧʽʚ-

ʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ. 

ʇʽʩʣʷ ʚʚʽʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ ʛʦʣʦʚʥʠʡ ʚʫʟʦʣ ʧʝʨʝʜʘʻ ʰʠʨʦʢʦʤʦʚʥʠʡ ʬʨʝʡʤ-

ʟʘʧʠʪ. ʉʝʥʩʦʨʥʠʡ ʚʫʟʦʣ, ʷʢʠʡ ʦʪʨʠʤʫʻ ʜʘʥʠʡ ʬʨʝʡʤ, ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʽ ʚʽ-

ʜʧʦʚʽʜʘʻ ʚʽʜʧʨʘʚʥʠʢʫ. ʇʝʨʽʦʜʠʯʥʦ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ ʧʝʨʝʩʠʣʘʻ ʰʠʨʦʢʦʤʦʚʥʠʡ 

ʬʨʝʡʤ, ʽ ʚʩʽ ʚʫʟʣʠ ʤʝʨʝʞʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʨʝʪʨʘʥʩʣʶʶʪʴ ʮʝʡ ʬʨʝʡʤ ʜʣʷ ʧʦʰʫʢʫ ʥʦ-

ʚʠʭ ʚʫʟʣʽʚ ʽ ʥʦʚʠʭ ʟʚ'ʷʟʢʽʚ. ɻʦʣʦʚʥʠʡ ʚʫʟʦʣ ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʻ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠ-

ʟʘʮʽʾ, ʷʢʘ ʬʽʢʩʫʻ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʢʦʞʥʠʤʠ ʜʚʦʤʘ ʚʫʟʣʘʤʠ ʚ ʤʝʨʝʞʽ. ʎʷ ʪʘʙʣʠʮʷ ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʤʘʨʰʨʫʪ ʚʽʜ ʛʦʣʦʚʥʦʛʦ ʚʫʟʣʘ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʧʽʜʣʝʛ-

ʣʦʛʦ ʚʫʟʣʘ. ɻʦʣʦʚʥʠʡ ʚʫʟʦʣ ʤʦʞʝ ʥʘʜʽʩʣʘʪʠ ʟʘʧʠʪ ʙʫʜʴ-ʷʢʦʤʫ ʧʽʜʣʝʛʣʦʤʫ ʚʫʟʣʫ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʜʘʥʠʭ. ʌʨʝʡʤ-ʟʘʧʠʪ ʤʽʩʪʠʪʴ ʚʝʩʴ ʤʘʨʰʨʫʪ ʚʽʜ ʛʦʣʦʚʥʦʛʦ ʚʫ-

ʟʣʘ ʜʦ ʧʽʜʣʝʛʣʦʛʦ ʚʫʟʣʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʘʜʨʝʩʠ ʧʨʦʤʽʞʥʠʭ ʨʝʪʨʘʥʩʣʷʮʽʡʥʠʭ ʚʫʟʣʽʚ. 

ʂʽʥʮʝʚʠʡ ʚʫʟʦʣ, ʷʢʦʤʫ ʘʜʨʝʩʫʚʘʚʩʷ ʟʘʧʠʪ, ʚʽʜʧʨʘʚʣʷʻ ʜʘʥʽ ʰʣʷʭʦʤ ʨʝʚʝʨʩʫʚʘʥʥʷ 

ʤʘʨʰʨʫʪʫ, ʱʦ ʤʽʩʪʠʚʩʷ ʫ ʬʨʝʡʤʽ ʟʘʧʠʪʫ. 

Cʝʥʩʦʨʥʠʡ ʚʫʟʦʣ ʧʽʩʣʷ ʚʚʽʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ ʛʝʥʝʨʫʻ ʰʠʨʦʢʦʤʦʚʥʠʡ ʬʨʝʡʤ-

ʟʘʧʠʪ  ʥʘ ʧʽʜʢʣʶʯʝʥʥʷ. ʂʦʣʠ ʛʦʣʦʚʥʠʡ ʚʫʟʦʣ, ʘʙʦ ʙʫʜʴ-ʷʢʠʡ ʚʫʟʦʣ, ʱʦ ʚʞʝ ʚʭʦ-

ʜʠʪʴ ʚ ʤʝʨʝʞʫ, ʦʪʨʠʤʫʻ ʮʝʡ ʟʘʧʠʪ, ʚʽʥ ʥʘʜʩʠʣʘʻ ʬʨʝʡʤ-ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʴ 

ʽ ʧʦʚʽʜʦʤʣʷʻ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ  ʧʨʦ ʮʝ ʥʦʚʝ ʚʩʪʘʥʦʚʣʝʥʝ ʟ'ʻʜʥʘʥʥʷ ʜʣʷ ʦʥʦʚʣʝʥʥʷ 

ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʥʦʚʠʡ ʚʫʟʦʣ ʤʘʨʢʫʻ ʩʝʙʝ ʪʘʢʠʤ, 

ʱʦ ʚʭʦʜʠʪʴ ʚ ʤʝʨʝʞʫ. ʇʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʦʚʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʜʘʪʯʠʢʫ DS18B20, ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʽ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛ-
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ʥʘʣʫ ʟʽ ʚʭʦʜʫ P1.3 ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʛʦ ɸʎʇ ʽ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ. ʇʝʨʽʦʜʠʯ-

ʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʘʥʘʣʦʛʦʚʦʾ ʚʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʩʪʘʥʦʚʠʪʴ 10 ʩ, 

ʜʣʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʯʝʨʝʟ ʥʠʟʴʢʫ ʜʠʥʘʤʽʢʫ ʾʾ ʟʤʽʥ ï 10 ʭʚ. ɺʠʤʽʨʶʚʘʣʴʥʽ ʜʘʥʽ 

ʟʘʧʠʩʫʶʪʴʩʷ ʚ 6-ʪʠ ʙʘʡʪʦʚʝ ʩʣʦʚʦ (2 ʙʘʡʪʠ ʥʘ ʢʦʞʝʥ ʢʘʥʘʣ ʚʠʤʽʨʶʚʘʥʥʷ), ʱʦ ʤʘʨ-

ʢʫʻʪʴʩʷ ʷʢ ʬʨʝʡʤ ʜʘʥʠʭ, ʘʜʨʝʩʘʪʦʤ ʷʢʦʛʦ ʻ ʚʠʩʭʽʜʥʠʡ ʚʫʟʦʣ. ʊʦʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʨʝ-

ʪʨʘʥʩʣʶʻ ʮʝʡ ʬʨʝʡʤ ʚʠʱʝ ʟʘ ʪʦʧʦʣʦʛʽʻʶ. ɿʨʝʰʪʦʶ ʢʘʜʨ ʜʘʥʠʭ ʧʝʨʝʜʘʻʪʴʩʷ ʛʦʣʦʚ-

ʥʦʤʫ ʚʫʟʣʫ. ʊʘʢʘ ʤʝʨʝʞʘ ʤʦʞʝ ʜʠʥʘʤʽʯʥʦ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠʩʴ, ʱʦ ʢʦʤʧʝʥʩʫʻ ʚʠʭʽʜ 

ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʟ ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʽʚ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʪʦʪʠʧʫ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 3. 

 

ʈʠʩ. 3. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʪʦʪʠʧʫ ʩʠʩʪʝʤʠ 

ʏʝʨʝʟ ʽʥʪʝʨʬʝʡʩ UART ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʫʟʣʘ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶ-

ʻʪʴʩʷ ʟʚôʷʟʦʢ ʟ ʦʜʥʦʧʣʘʪʥʠʤ ʢʦʤʧôʶʪʝʨʦʤ BananaPi, ʷʢʠʡ ʚʠʢʦʥʫʻ ʨʦʣʴ ʩʝʨʚʝʨʘ 

CoAP(Constrained Application Protocol). ʂʦʞʝʥ ʚʫʟʦʣ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ ʷʚʣʷʻʪʴʩʷ 

ʨʝʩʫʨʩʦʤ ʜʣʷ CoAP-ʩʝʨʚʝʨʘ, ʢʦʞʝʥ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ ʻ ʦʢʨʝʤʠʤ ʜʦʯʽʨʥʽʤ 

CoAP-ʨʝʩʫʨʩʦʤ ʩʝʥʩʦʨʥʦʛʦ ʚʫʟʣʘ. ɿʘʧʠʪ ʪʠʧʫ GET coap://"ʜʦʤʝʥʥʝ 

ʽʤôʷ:ʧʦʨʪ"/.well-known/core ʧʦʚʝʨʥʝ xml-ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ ʧʝʨʝʣʽʢ URI 

ʫʩʽʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʘʨʭʽʪʝʢʪʫʨʠ REST (Constrained 

RESTful Environments). ʇʨʠʢʣʘʜ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʫ CoAP ʥʘʙʘʛʘʪʦ ʟʤʝʥʰʫʻ ʚʠʤʦʛʠ ʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦ-

ʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʚʽʪʴ ʥʠʟʴʢʦʰʚʠʜʢʽʩ-

ʥʝ ʤʦʜʝʤʥʝ ʟôʻʜʥʘʥʥʷ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ ʽ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʚʠʤʽ-

ʨʷʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ JavaEE-ʜʦʜʘʪʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ Spring ʽ 

Hibernate. ɼʘʥʠʡ ʩʪʝʢ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʟʥʘʯʥʽ ʟʘ ʦʙʩʷʛʦʤ ʜʘʥʽ, ʱʦ 

ʛʝʥʝʨʫʶʪʴʩʷ ʩʝʥʩʦʨʥʦʶ ʤʝʨʝʞʝʶ. ʗʢ ʩʝʨʚʝʨ ʜʦʜʘʪʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ  ʩʧʝʮʠʬʽʢʘʮʽʾ 

JavaEE, ʚʠʢʦʨʠʩʪʘʥʦ GlassFish. ɺ ʷʢʦʩʪʽ ʉʋɹɼ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ 

PostgreSQL. ɺʠʙʽʨ ʟʫʤʦʚʣʝʥʠʡ ʾʾ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʦʜʥʦʯʘʩʥʠʭ ʟʘʧʠʪʽʚ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʤʘʩʰʪʘʙʦʚʘʥʦʶ, ʪʦʙʪʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʨʽʚʥʽ. ʊʘʢʦʞ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘ-

ʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʦʧʝʨʘʮʽʡ ʥʘ ʨʽʚʝʥʴ ñʭʤʘʨʥʠʭò ʩʝʨʚʽʩʽʚ.  
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ʈʠʩ. 4. ʇʝʨʝʣʽʢ URI ʜʣʷ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ  

ɺʠʩʥʦʚʢʠ.ʈʦʟʨʦʙʣʝʥʝ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʝʟ ʧʨʦ-

ʢʣʘʜʘʥʥʷ ʜʨʦʪʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʥʘ ʟʥʘʯʥʽʡ ʪʝʨʠʪʦʨʽʾ. ʊʘʢʦʞ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʢʦʥʮʝʧʮʽʾ IoT (Internet of Things). 
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ɺʩʪʫʧ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʜʦ ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟʽ 

ʩʪʨʝʩʦʤ ʽ ʤʝʭʘʥʽʟʤʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ ʣʶʜʠʥʠ ʚ ʨʽʟʥʠʭ ʧʨʦʬʝʩʽʷʭ. 

ɿʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʩʪʘʥ 

ʟʜʦʨʦʚ'ʷ ʪʠʭ ʬʘʭʽʚʮʽʚ, ʯʠʷ ʨʦʙʦʪʘ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʽ ʝʤʦʮʽʡʥʠʤ ʥʘ-

ʧʨʫʞʝʥʥʷʤ,  ʚʟʘʻʤʦʜʽʻʶ. 

ʋ ʮʠʭ ʬʘʭʽʚʮʽʚ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʩʠʭʽʯʥʽ ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʽ ʨʝʘʢʮʽʾ 

ʥʘ ʰʠʨʦʢʝ ʢʦʣʦ ʩʠʪʫʘʮʽʡ ʫ ʪʨʫʜʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ. ʊʘʢʽ ʨʝʘʢʮʽʾ ʻ ʧʨʦʷʚʦʤ ʧʨʦʬʝʩʽʡ-

ʥʦʛʦ ʩʪʨʝʩʫ [1]. 

ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʯʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ, ʩʪʨʝʩ ʻ ʥʝʩʧʝʮʠʬʽʯʥʦʶ ʚʽʜʧʦʚʽʜʜʶ ʦʨʛʘʥʽʟʤʫ 

ʥʘ ʙʫʜʴ-ʷʢʫ ʧʨʝʜ'ʷʚʣʝʥʫ ʡʦʤʫ ʚʠʤʦʛʫ, ʽ ʮʷ ʚʽʜʧʦʚʽʜʴ ʻ ʥʘʧʨʫʛʘ ʦʨʛʘʥʽʟʤʫ, ʩʧʨʷʤʦ-

ʚʘʥʘ ʥʘ ʧʦʜʦʣʘʥʥʷ ʚʠʥʠʢʘʶʯʠʭ ʪʨʫʜʥʦʱʽʚ. 
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ʄʝʪʘ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʱʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʤʠʪʪʻʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʣʶʜʠʥʠ ʧʽʜ ʯʘʩ ʩʪʨʝʩʦʚʦʾ ʩʠʪʫʘʮʽʾ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʨʝʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʷʜ ʚʝʨʙʘʣʴʥʠʭ ʰʢʘʣ ʽ ʦʧʠʪʫʚʘʣʴʥʠ-

ʢʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʪʨʠʚʦʛʠ ʽ ʜʝʧʨʝʩʽʾ. ʎʝ ʪʘʢʽ ʦʧʠʪʫʚʘʣʴʥʠʢʠ, 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʰʢʘʣʘ ʜʝʧʨʝʩʽʾ ʎʫʥʛʘ, ʦʧʠʪʫʚʘʣʴʥʠʢ ɹʝʢʘ ʽ ʽʥʰʽ. ʇʦʨʷʜ ʟ ʚʝʨʙʘʣʴ-

ʥʠʤʠ ʦʧʠʪʫʚʘʥʥʷʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʪʨʝʩʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʽ ʧʨʦʝ-

ʢʪʥʽ ʤʝʪʦʜʠʢʠ, ʟ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʻ ʢʦʣʽʨʥʠʡ ʪʝʩʪ ʘʙʦ ʤʝʪʦʜ ʢʦʣʽʨʥʠʭ 

ʚʠʙʦʨʽʚ ʄ. ʃʶʰʝʨʘ ʽ ʡʦʛʦ ʯʠʩʣʝʥʥʽ ʤʦʜʠʬʽʢʘʮʽʾ [2]. 

ɺ ʝʢʩʪʨʝʥʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʩʪʨʝʩʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʽʟ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʤʽʢʠ, ʧʘʥʪʦʤʽʤʽʢʠ, ʨʫʭʽʚ ʦʯʝʡ, ʪʝʤʙʨʫ ʽ ʽʥʪʦʥʘʮʽʡ. ʅʝʜʦʣʽ-

ʢʦʤ ʪʘʢʦʛʦ ʨʦʜʫ ʜʦʩʣʽʜʞʝʥʴ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʞʦʨʩʪʢʦʾ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʫʤʦʚ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʽ ʾʭ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ, ʱʦ ʨʦʙʠʪʴ ʥʝʧʨʠʜʘʪʥʠʤ ʾʭ ʧʨʦʚʝʜʝʥʥʷ ʜʣʷ ʦʙʩʪʝʞʝʥʥʷ 

ʚʝʣʠʢʠʭ ʛʨʫʧ ʣʶʜʝʡ, ʩʭʠʣʴʥʠʭ ʜʦ ʨʠʟʠʢʫ ʝʤʦʮʽʡʥʦʛʦ ʩʪʨʝʩʫ [4]. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤ-

ʧʝʨʘʪʫʨʠ, ʧʫʣʴʩʫ, ʟʤʽʥʠ ʜʽʘʤʝʪʨʫ ʟʽʥʠʮʴ, ʰʚʠʜʢʦʩʪʽ ʥʝʨʚʦʚʠʭ ʽʤʧʫʣʴʩʽʚ, ʙʽʦʭʽʤʽʯ-

ʥʦʛʦ ʩʢʣʘʜʫ ʢʨʦʚʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʤʽʥʘ ʩʪʘʥʫ ʣʶʜʠʥʠ, ʷʢʫ ʤʦʞʥʘ ʚʽʜ-

ʩʪʝʞʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ ʧʫʣʴʩʫ. ʇʝʨʝʚʘʛʘ ʜʘʪʯʠʢʽʚ ʚ ʪʦʤʫ, ʱʦ ʤʦʞʥʘ 

ʰʚʠʜʢʦ ʚʠʤʽʨʷʪʠ ʜʘʥʽ ʱʦʜʦ ʧʫʣʴʩʫ, ʨʦʙʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʧʝʚʥʠʤ ʽʥʪʝʨʚʘʣʦʤ ʯʘ-

ʩʫ ʪʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʾʭ ʚ ʛʨʘʬʽʯʥʽʡ ʨʝʻʩʪʨʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʥʠʭ. 

ɼʣʷ ʥʘʰʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ɯʏ ʜʘʪʯʠʢ 

ʊʉRT1000, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ ʧʫʣʴʩʫ ʱʦʜʦ ʟʤʽʥʠ ʦʙʩʷʛʫ ʢʨʦʚʽ ʚ ʘʨʪʝʨʽʾ ʧʘʣʴ-

ʮʷ. ʊʘʢʠʡ ʤʝʪʦʜ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʬʦʪʦʧʣʝʪʽʟʤʦʛʨʘʬʽʾ. ʎʝ ʤʝʪʦʜ ʙʝʟʧʝʨʝʨʚʥʦʾ ʛʨʘʬʽ-

ʯʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥʠ ʦʙ'ʻʤʫ ʢʨʦʚʽ, ʱʦ ʚʽʜʦʙʨʘʞʘ ̒ʜʠʥʘʤʽʢʫ ʢʨʦʚʦʥʘʧʦʚʥʝʥʥʷ ʩʫ-

ʜʠʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʨʛʘʥʽʚ, ʯʘʩʪʠʥʠ ʪʽʣʘ ʣʶʜʠʥʠ ʘʙʦ ʪʚʘʨʠʥʠ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʚʠ-

ʤʽʨʶʚʘʥʥʽ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ. 

ʇʨʠʣʘʜ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʧʫʣʴʩʫ ʚʢʣʶʯʘʻ ʧʽʜʩʠʣʶʚʘʯ, ʙʣʦʢ ʞʠʚʣʝʥʥʷ, ʩʪʘʙʽʣʽʟʘʪʦʨ 

ʥʘʧʨʫʛʠ ʽ ʬʦʪʦʜʘʪʯʠʢʠ ʟ ʢʨʽʧʠʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɼʘʪʯʠʢ ʊʉRT1000  ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʨʝʻʩʪʨʘʮʽʾ  ʚʽʜʙʠʪʦʛʦ ʘʙʦ ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ.  

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʩʚʽʪʣʦʚʠʡ ʧʫʯʦʢ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʢʨʽʟʴ ʯʘʩʪʠʥʫ ʪʽʣʘ ʣʶʜʠʥʠ 

(ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʧʘʣʝʮʴ ʘʙʦ ʤʦʯʢʫ ʚʫʭʘ), ʘ ʬʦʪʦʜʝʪʝʢʪʦʨ ʚʠʟʥʘʯʘʻ ʨʝʟʫʣʴʪʫʶʯʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ, ʪʦʤʫ ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʨʠʡʤʘʯ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʥʘʚʧʨʦʪʠ ʦʜʠʥ ʦʜʥʦʛʦ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʽ ʬʦʪʦʧʨʠʡʤʘʯ ʨʦʟʪʘ-

ʰʦʚʫʶʪʴʩʷ ʥʘ ʦʜʥʽʡ ʩʪʦʨʦʥʽ, ʽ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʫʣʴʩ ʥʝʩʝ ʚʽʜʙʠʪʠʡ ʩʠʛʥʘʣ. ɺʠʤʽ-

ʨʶʚʘʥʥʷ ʧʫʣʴʩʫ ʟʘ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʯʘʩʪʠʥʽ ʣʶʜ-

ʩʴʢʦʛʦ ʪʽʣʘ. ʇʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʤʝʪʦʜʽ ʚʠʤʽʨʶʚʘʥʴ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ, ʚʽʜʙʠʪʦʛʦ 

ʚʽʜ ʦʙ'ʻʢʪʘ ʘʙʦ ʧʨʦʡʰʦʚʰʦʛʦ ʯʝʨʝʟ ʯʘʩʪʠʥʫ ʪʽʣʘ, ʙʫʜʫʪʴ ʚʠʷʚʣʝʥʽ ʬʣʫʢʪʫʘʮʽʾ ʚʽʜ-

ʧʦʚʽʜʥʦ ʜʦ ʧʫʣʴʩʫʶʯʠʭ ʧʦʪʦʢʽʚ ʢʨʦʚʽ, ʚʠʢʣʠʢʘʥʠʭ ʙʠʪʪʷʤ ʩʝʨʮʷ. 

ɼʦ ʩʢʣʘʜʫ ɯʏ ʜʘʪʯʠʢʘ  TCRT1000 ʚʭʦʜʷʪʴ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʩʚʽʪʣʦʜʽʦʜ ʽ ʬʦʪʦ ʪʨʘ-

ʥʟʠʩʪʦʨ. ʅʘʧʨʠʢʣʘʜ, ʧʘʣʝʮʴ ʣʶʜʠʥʠ ʟʚʝʨʭʫ ʜʘʪʯʠʢʘ ʜʽʻ ʷʢ ʚʽʜʙʠʚʘʯ, ʬʦʪʦ ʪʨʘʥʟʠʩ-

ʪʦʨ ʬʽʢʩʫʻ ʚʽʜʙʠʪʝ ʩʚʽʪʣʦ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʪʨʘʧʣʷʥ ɹʥʘ ʬʦʪʦʜʘʪʯʠʢ ʙʽʯʥʠʭ ʧʨʦ-



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   33 

ʤʝʥʽʚ ʚ ʩʭʝʤʽ ʧʨʠʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʥʜʝʥʩʘʪʦʨ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠʙʠʨʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ, ʷʢʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʦʩʚʽʪʣʝʥʽʩʪʴ ʧʨʠʤʽʱʝʥʥʷ. 

ʅʘ ʚʠʭʦʜʽ ʜʘʪʯʠʢʘ ʤʠ ʦʪʨʠʤʘʻʤʦ ʧʝʨʽʦʜʠʯʥʠʡ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʩʠʛʥʘʣ, ʧʦʚ'ʷʟʘʥʠʡ 

ʟʽ ʟʤʽʥʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ 

ʦʙ'ʻʤʦʤ ʢʨʦʚʽ ʚ ʧʘʣʴʮʽ. ʉʠʛʥʘʣ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʡ ʟ ʯʘʩʪʦʪʦʶ ʩʝʨʮʝ-

ʙʠʪʪʷ. ɼʘʪʯʠʢ ʤʦʞʝ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʣʷ ʧʦ-

ʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʫʣʴʩʫ (ʢʽʣʴʢʽʩʪʴ ʫʜʘʨʽʚ ʩʝʨʮʷ ʚ ʭʚʠʣʠ-

ʥʫ). 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʝʩʦʚʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ ʟʘ ʯʘʩʪʦʪʦʶ ʧʫʣʴʩʫ, ʤʦʞ-

ʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʜʘʪʯʠʢ TCRT1000. ʇʝʨʝʚʘʛʘ ʜʘʥʦʛʦ ʜʘʪʯʠʢʘ ʚ 

ʪʦʤʫ, ʱʦ ʚʽʥ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʧʫʣʴʩ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʯʘʩʪʠʥʽ ʪʽʣʘ ʣʶʜʠʥʠ, ʟʘʧʦ-

ʙʽʛʘʻ ʧʦʪʨʘʧʣʷʥʥʶ ʩʚʽʪʣʘ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʻ ʤʘʣʦʛʘʙʘʨʠʪʥʠʤ. 

ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʪʨʝʙʘ ʚʨʘʭʫʚʘʪʠ ʪʝ, ʱʦ ʨʫʭʣʠʚʽʩʪʴ ʣʶʜʠʥʠ ʧʨʠʚʝʜʝ ʜʦ ʟʙʦʶ 

ʧʨʘʚʜʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʄʝʪʦʜʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʚʽʜʽʛʨʘʶʪʴ ʟʥʘ-

ʯʥʫ ʨʦʣʴ ʚ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʦʾ ʤʝʜʠʮʠʥʠ. ɯʩʥʫʻ 

ʦʯʝʚʠʜʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʪʨʠʤʘʥʥʽ ʜʚʦ- ʪʘ ʪʨʴʦʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʽʣʘ ʣʶʜʠʥʠ ʚ 

ʤʝʜʠʯʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ 

ʟʘʭʽʜʥʽʡ ʤʝʜʠʮʠʥʽ. ɯʩʥʫʻ ʮʽʣʠʡ ʨʷʜ ʤʝʪʦʜʽʚ ʤʝʜʠʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ʩʫʯʘʩʥʽʡ ʩʠʩʪʝ-

ʤʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ, ʘʣʝ ʪʽʣʴʢʠ ʜʝʷʢʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʠʟʴʢʽ ʷʢ ʽʥʚʝʩʪʠʮʽʡʥʽ, 

ʪʘʢ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ [1]. ɼʝʷʢʽ ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ ʽʥʚʝʩ-

ʪʠʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʘʣʝ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʟʘʪʨʘʪʠ. ɯʥʰʽ ʞ, ʽ ʯʘʩʪʦ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʤʝʪʦʜʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʩʦʢʠʤʠ ʽʥʚʝʩʪʠʮʽʡʥʠʤʠ  ʽ ʧʦʪʦʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. ʅʘʷʚʥʽʩʪʴ 

ʦʩʪʘʥʥʴʦʾ ʢʘʪʝʛʦʨʽʾ ʜʣʷ ʚʝʣʠʢʠʭ ʛʨʫʧ ʧʘʮʽʻʥʪʽʚ ʩʪʘʣʘ ʚʠʨʽʰʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ. 

ʈʽʟʥʽ ʭʚʦʨʦʙʠ ʚʠʤʘʛʘʶʪʴ ʘʜʘʧʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʢʦʥ-

ʢʨʝʪʥʝ ʟʘʭʚʦʨʶʚʘʥʥʷ ʘʙʦ ʘʥʘʪʦʤʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ, ʙʽʣʴʰ ʛʥʫʯʢʽ, 

ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʚʠʧʘʜʢʽʚ ʽ ʭʚʦʨʦʙ 

[2]. ɺʩʽ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, 

ʷʢʠʡ ʥʘʙʽʨ ʢʨʠʪʝʨʽʾʚ (ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʇʨʦʪʝ, ʚ ʟʚ'ʷʟʢʫ 

http://www.findpatent.ru/


ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   34 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙ'ʻʤʫ ʟʙʦʨʫ ʜʘʥʠʭ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʟʘ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʤʝʪʦʜʠ. ʇʝʨʝʚʽʨʝʥʽ ʯʘʩʦʤ ʤʝʪʦʜʠ 

ʦʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʟʘʚʜʷʢʠ ʥʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʩʧʨʦ-

ʩʪʠʪʠ ʦʙʨʦʙʢʫ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʨʝʥ-

ʪʛʝʥʽʚʩʴʢʽ ʟʥʽʤʢʠ ʥʘ ʘʥʘʣʦʛʦʚʽʡ ʧʣʽʚʮʽ ʨʽʜʢʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʥʘʰʽ ʜʥʽ, ʽ ʚ ʥʘʰ ʯʘʩ 

ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʘʤʽʥʝʥʽ ʦʮʠʬʨʦʚʘʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʝ-

ʨʝʜʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʽ 

ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʧʦʩʪʽʡʥʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʦʥʦʚʣʝʥʠʭ ʚʝʨʩʽʷʭ ʤʝʜʠʯʥʦʛʦ ʦʙ-

ʣʘʜʥʘʥʥʷ [3]. 

ɸʥʘʣʽʟ ʜʦʩʷʛʥʝʥʴ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙʩʪʝʞʝʥʴ ʫ ʩʫʯʘʩʥʽʡ ʤʝʜʠʮʠʥʽ ʚ ʧʦ-

ʻʜʥʘʥʥʽ ʽʟ ʧʦʩʪʽʡʥʦʶ ʧʦʷʚʦʶ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʠʟʚʝʣʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽ-

ʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʝʜʠʯʥʠʭ ʩʝʘʥʩʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʚ ʩʠʩʪʝʤʘʭ, 

ʟʜʘʪʥʠʭ ʦʜʝʨʞʫʚʘʪʠ, ʧʦʰʠʨʶʚʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ 

[4]. ʇʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʜʣʷ ʙʽʣʴʰ ʢʦʨʦʪʢʠʭ ʪʝʨʤʽʥʽʚ ʦʙʩʪʝʞʝʥʥʷ. ʇʨʦʪʝ, ʚʩʝ 

ʙʽʣʴʰʝ ʯʠʩʣʦ ʥʝʧʦʪʨʽʙʥʠʭ ʤʝʜʠʯʥʠʭ ʩʢʘʥʫʚʘʥʴ ʧʨʦʚʦʜʠʪʴʩʷ ʱʦʨʦʢʫ, ʱʦ ʩʧʨʠʷʻ 

ʟʙʽʣʴʰʝʥʥʶ ʧʦʪʦʯʥʠʭ ʤʝʜʠʯʥʠʭ ʚʠʪʨʘʪ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʥʝʽʥʚʘ-

ʟʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʢʣʽʥʽʢʘʭ ʩʽʤʝʡ-

ʥʠʤʠ ʣʽʢʘʨʷʤʠ ʽ ʚ ʩʫʯʘʩʥʽʡ ʪʝʣʝʤʝʜʠʮʠʥʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʾʟʜʦʢ ʧʘʮʽʻʥʪʘ ʜʦ ʣʽʢʘ-

ʨʥʽ, ʱʦ ʟʥʦʚʫ-ʪʘʢʠ ʧʨʠʟʚʝʜʝ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʟʜʦʨʦʚ'ʷ. ɹʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ 

ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʝʣʝʤʝʜʠʮʠʥʠ ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʤʝʜʠʯʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʧʦʜʘʣʴʰʠʭ ʝʪʘʧʽʚ ʣʽʢʫʚʘʥʥʷ [5]. ʂʨʽʤ ʪʦʛʦ, 

ʜʝʰʝʚʠʟʥʘ, ʜʦʩʪʫʧʥʽʩʪʴ, ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʽ ʣʝʛʢʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʣʘʜ ʤʝʜʠʯ-

ʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʻ ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʬʘʢʪʦʨʽʚ. ʅʝʽ-

ʥʚʘʟʠʚʥʠʡ ʤʝʜʠʯʥʠʡ ʨʘʜʽʦʤʝʪʨ ʻ ʦʜʥʠʤ ʟ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʠʡ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦ-

ʪʝʥʮʽʘʣ, ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʘʛʘʪʴʤʘ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ. 

ʄʝʪʘ ʜʦʧʦʚʽʜʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʽ ʧʦʙʫʜʦʚʠ ʨʘ-

ʜʽʦʤʝʪʨʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʤʽʥʽʘʪʶʨʥʦʛʦ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʚʠʤʽʨʶʚʘʯʘ ʛʣʠʙʠʥʥʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨ ʪʽʣʘ ʣʶʜʠʥʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʽʣʘ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʙʽʨ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʨʘʜʽʦʤʝʪʨʘ ʻ ʚʘʞʣʠ-

ʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʽ ʙʽʯʥʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪ-

ʥʽʩʪʴ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ. ʆʧʪʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʜʣʷ ʨʘʜʽʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ ʩʢʣʘʜʝ ʙʣʠʟʴʢʦ 3,2 ɻʛʮ. ʎʷ ʯʘʩʪʦʪʘ ʜʦʟʚʦʣʷʻ ʧʨʦʥʠʢʥʫʪʠ ʥʘ ʜʦʩʪʘ-

ʪʥʶ ʛʣʠʙʠʥʫ [6]. ʑʝ ʦʜʥʘ ʧʝʨʝʚʘʛʘ ʮʽʻʾ ʯʘʩʪʦʪʠ ʧʦʣʷʛʘʻ ʚ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪ-

ʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʪʠʩʴ ʤʦʙʽʣʴʥʠʤʠ ʪʝʣʝʬʦʥʘʤʠ ʪʘ ʽʥʰʠʤʠ ʙʝʟʜʨʦʪʦʚʠʤʠ ʤʝʨʝʞʘʤʠ. ʇʽʩʣʷ  ʚʠʟʥʘ-

ʯʝʥʥʷ  ʯʘʩʪʦʪʥʦʾ ʩʤʫʛʠ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʨʠʡʥʷʪʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʧʽʜʽʡʜʫʪʴ ʜʣʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʥʪʘʞʫ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʪʨʦʶ. ɺʘʨʪʽʩʪʴ ʩʠʩʪʝʤʠ ʽ ʾʾ ʬʽʟʠʯʥʽ ʨʦʟʤʽʨʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʠʞʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤSMD-ʢʦʤʧʦʥʝʥʪʽʚ. ʄʽʢʨʦʭʚʠʣʴʦʚʽ ʢʦʤʧʦ-

ʥʝʥʪʠ ʧʦʚʠʥʥʽ ʚʠʨʦʙʣʷʪʠ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʫʤʫ, ʱʦ ʟʘʙʝʟʧʝ-

ʯʠʪʴ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ. 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 
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ɺ ʦʙʨʘʥʦʤʫ ʜʠʟʘʡʥʽ ʧʨʠʩʪʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʨʢʫʣʷʪʦʨ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʥʝ-

ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʽʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ ʘʥʪʝʥʦʶ, ʱʦ ʤʦʛʣʦ ʙ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʩʪʘʙʽ-

ʣʴʥʦʩʪʽ ʚ ʟʦʚʥʽʰʥʴʦʤʫ ʽʥʪʝʨʬʝʡʩʽ. ɹʣʦʢ-ʩʭʝʤʘ ʟʦʚʥʽʰʥʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʘʥʪʝʥʠ ʥʘ-

ʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʟʦʚʥʽʰʥʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʨʘʜʽʦʤʝʪʨʫ 

ɿʦʚʥʽʰʥʽʡ ʽʥʪʝʨʬʝʡʩ ʨʘʜʽʦʤʝʪʨʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʪʘ ʜʦʩʷʛʥʝʥʥʷʭ, ʷʢʽ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ [7]. ʇʝʨʝʤʠʢʘʯ ɼʽʢʢʝ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʤʽʥʽʘʪʶʨʥʫ ʩʭʝʤʫ ʧʝʨʝʤʠʢʘʯʽʚ 

CSWA2-63DR+ ʽʟ ʚʥʝʩʝʥʠʤ ʟʘʪʫʭʘʥʥʷʤ ʙʣʠʟʴʢʦ 1.0 ɼʙ. ɼʣʷ ʢʦʞʥʦʛʦ ʧʦʨʪʫ ʧʝʨʝ-

ʤʠʢʘʯʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʡ ʙʣʦʢ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɺ ʷʢʦʩʪʽ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Hittite HMC593LP3 ʚ ʢʦʤʙʽʥʘʮʽʾ 

ʽʟ ʬʽʣʴʪʨʦʤ ʥʠʞʥʽʭ ʯʘʩʪʦʪ LFCN-3400+ ʽ ʬʽʣʴʪʨʦʤ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ HFCN-3100+, 

ʷʢʽ ʬʦʨʤʫʶʪʴ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ. ʎʠʨʢʫʣʷʪʦʨ ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ ʤʽʢʨʦʩʭʝʤʠ 

3CDMG35-4 ʬʽʨʤʠ Dorado International, ʘ ʜʝʪʝʢʪʦʨ ʫ ʚʠʛʣʷʜʽ ʤʽʢʨʦʩʭʝʤʠ 

HMC602LP4 ʬʽʨʤʠ Hittite. ʃʦʛʘʨʠʬʤʽʯʥʠʡ ʜʝʪʝʢʪʦʨ HMC602LP4 ʤʘʻ ʚʽʜʤʽʥʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʧʨʝʢʨʘʩʥʫ ʯʫʪʣʠʚʽʩʪʴ, ʷʢʘ ʩʷʛʘʻ -26 ʤɺ/ɼʙ. ʂʦʣʦ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʅʏ 

ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ. ʇʽʜʩʠʣʝʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʰʫʤʫ 

LT1028, ʩʠʥʭʨʦʥʥʠʡ ʜʝʤʦʜʫʣʷʪʦʨ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʧʨʠʩʪʨʦʶ ʟʯʠʪʫʚʘʥʥʷ ʽ ʚʠʙʽʨ-

ʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʟʥʠʮʽ ʩʠʛʥʘʣʽʚ ʤʽʞ ʘʥʪʝʥʦʶ ʽ ʦʧʦʨʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʚʠʢʦʥʘʥʠʡ 

ʥʘ ʦʩʥʦʚʽ ʙʣʦʢʫ ʧʝʨʝʤʠʢʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʽʚ LTC1043 ʬʽʨʤʠ Linear Technology. ʅʘ 

ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʦ ʜʝʪʘʣʴʥʫ ʩʭʝʤʫ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ. 

 

ʈʠʩ. 2. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ 

ɺ ʷʢʦʩʪʽ ʘʥʪʝʥʠ ʨʘʜʽʦʤʝʪʨʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʝʧʽʣʝʧʪʠʯʥʫ ʘʥʪʝʥʫ. ʇʨʠ ʚʠʙʦʨʽ 

ʧʘʨʘʤʝʪʨʽʚ ʘʥʪʝʥʠ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʬʽʟʠʯʥʠʡ ʨʦʟʤʽʨ ʽ ʧʨʦʥʠʢʘʣʴʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚ ʪʽʣʦ ʣʶʜʠʥʠ. ʆʙʨʘʥʘ ʘʥʪʝʥʘ ʻ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʚʝʨʩʽʻʶ ʥʠʟʴʢʦ ʧʨʦ-

ʬʽʣʴʥʦʾ, ʥʝʩʠʤʝʪʨʠʯʥʦʾ, ʧʣʘʥʘʨʥʦʾ, ʝʣʽʧʪʠʯʥʦʾ ʘʥʪʝʥʠ [9]. ɸʥʪʝʥʘ ʤʘʻ ʤʽʢʨʦʩʤʫʛʦ-
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ʚʠʡ ʢʘʥʘʣ, ʝʣʽʧʪʠʯʥʫ ʟʘʧʣʘʪʢʫ ʥʘ ʟʘʜʥʽʡ ʩʪʦʨʦʥʽ ʽ ʝʣʽʧʪʠʯʥʫ ʘʧʝʨʪʫʨʫ ʥʘ ʧʝʨʝʜʥʽʡ 

ʩʪʦʨʦʥʽ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʥʘ ʪʽʣʽ ʣʶʜʠʥʠ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦ-

ʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʩʧʦʪʚʦʨʠʪʠ ʩʣʘʙʢʠʡ ʪʝʨʤʽʯʥʠʡ ʩʠʛʥʘʣ ʪʽʣʘ ʣʶʜʠʥʠ, ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʨʦʙʢʫ ʢʚʘʜʨʘʪʥʦʾ ʬʦʨʤʠ, ʷʢʘ ʟʘʭʠʱʝʥʘ ʤʽʜʥʦʶ ʧʘʡʢʦʶ [10]. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʨʘʱʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʬʣʘ-

ʥʝʮʴ ʥʘʚʢʦʣʦ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʘʥʪʝʥʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʤʝʪʦʜʠ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʨʘʜʽʦʤʝʪʨʽʾ, ʢʦʥʮʝʧʮʽʾ 70-ʭ ʨʦʢʽʚ, 

ʙʫʣʠ ʚʪʽʣʝʥʽ ʚ ʧʨʠʩʪʨʦʾ ʟ ʦʥʦʚʣʝʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʶʚʘʪʠ 

ʢʦʤʧʘʢʪʥʽ ʪʘ ʥʝʜʦʨʦʛʽ ʨʘʜʽʦʤʝʪʨʠ. ɹʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʽ ʧʦʙʫʜʦʚʠ ʤʽʥʽʘʪʶʨʥʦʛʦ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʨʘʜʽʦʤʝʪʨʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʘʣʽ-

ʩʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʽʣʘ ʣʶʜʠʥʠ. ɹʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʨʘʜʽʦʤʝʪʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟ-

ʨʦʙʣʝʥʽ ʟʘʚʜʷʢʠ ʧʦʩʪʽʡʥʦʤʫ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʽ ʩʧʦʞʠʚʘʥʦʾ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥ-

ʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʉ. ɻʫʥʥʘʨʩʩʦʥ ʚ 2007 ʨʦʮʽ ʨʦʟʨʦʙʠʚ ʦʜʥʦʧʣʘʪʥʠʡ 

ʨʘʜʽʦʤʝʪʨ, ʷʢʠʡ ʧʨʘʮʶʻ ʽʟ ʯʘʩʪʦʪʦʶ 53 ɻɻʮ [11]. ʊʦʤʫ ʜʦ ʮʠʭ ʧʽʨ ʽʩʥʫʻ ʥʝʦʙʭʽʜ-

ʥʽʩʪʴ ʥʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʽʡ ʛʘʣʫʟʽ. 

ʃʽʪʝʨʘʪʫʨʘ 
1. P. Sprawls. Physical Principles of Medical Imaging. Lippincott Williams and Wilkins, 1987. 

2. M. Gotthardt, C. P. Bleeker-Rovers and other. Imaging of inflammation by pet, conventional 

scintigraphy, and other imaging techniques. Journal of Nuclear Medicine, 51(12): 1937ï1949, 2010. 

3. G. F. Egan and Z.-Q. Liu. Computers and networks in medical and healthcare systems. Comput. 

Biol. Med., 25(3): 355ï365, 1995. 

4. S. Pavlopoulos and A. Delopoulos. Designing and implementing the transition to a fully digital 

hospital. Information Technology in Biomedicine, IEEE Transactions on, 3(1): 6 ï19, march 1999. 

5. A. C. Norris. Essentials of Telemedicine and Telecare. John Wiley and Sons, 2002. 

6. A. M. Campbell and D. Land. Dielectric properties of female human breast tissue measured in 

vitro at 3.2 GHz. Phys. Med. Biol, 37: 193ï210, 1992. 

7. S. Jacobsen and Ï. Klemetsen. Improved detectability in medical microwave radio-thermometers 

as obtained by active antennas. IEEE Transactions on Biomedical Engineering,55(12):2778ï

2785,Dec.2008. 

8. D. M. Pozar. Microwave Engineering. John Wiley and Sons, third edition, 2004. 

9. J. Powell and A. Chandrakasan. Differential and single ended elliptical antennas for 3.1-10.6 

GHz ultra wideband communication. p. 2935-2938. Proceedings of the IEEE Antennas and 

Propagation Society Symposium, Monterey, California, USA, June 2004. 

10. Y. Birkelund. Radiometric temperature monitoring of miMaccarini, S. Jacobsen and P. R. 

Stauffer. Radiometric temperature monitoring of microwave hyperthermia. Society For Thermal 

Medicine 2010 Annual Meeting, Clearwater Beach, FL,USA, April 2010. 

11. S. Gunnarsson, A. Emrich, H. Zirath, R. Kozhuharov, C. Karnfelt, J. Embretsen and 

C.Tegnander. A single-chip 53 GHz radiometer front-end MMIC for geostationary atmospheric 

measurements. In Radio and Wireless Symposium, 2008 IEEE, pp. 867 ï870. jan. 2008. 

 

ʋɼʂ 004.93 

ʇʀʉɸʈɽʅʂʆ ʖ.ɺ., ʉɸʄʆʁʃɽʅʂʆ ɼ.ɺ. 

ʈʆɿʈʆɹʂɸ ɿɸʉʆɹɯɺ ʂʃɸʉʊɽʈʀɿɸʎɯɰ ʊɽʂʉʊʆɺʀʍ ɼʆʂʋʄɽʅʊɯɺ ɿɸ 
ʇʈɽɼʄɽʊʅʀʄʀ ɻɸʃʋɿʗʄʀ 

ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, e-mail:jvpisarenko@gmail.com 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   37 

ʄʝʪʦʶ ʨʦʟʨʦʙʢʠ ʻ ʨʝʘʣʽʟʘʮʽʷ ʟʘʩʦʙʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟʘ 

ʧʨʝʜʤʝʪʥʠʤʠ ʛʘʣʫʟʷʤʠ. ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯ, ʤʘʶʯʠ ʚʝʣʠʢʠʡ 

ʦʙʩʷʛ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ, ʤʘʚ ʟʤʦʛʫ ʧʨʦʩʪʝʞʠʪʠ ʽ ʦʮʽʥʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʫ ʮʠʭ ʜʘ-

ʥʠʭ. ʆʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʥʘʜʘʪʠ ʤʦʞʣʠ-

ʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʫ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʝʢʩʪʦʚʽ ʜʘʥʽ ʽ ʚʽʜʥʦʩʠʪʠ ʾʭ ʜʦ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʧʨʝ-

ʜʤʝʪʥʦʾ ʛʘʣʫʟʽ. ʄʘʶʯʠ ʥʘʙʽʨ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʠʪʠ ʧʨʝʜ-

ʤʝʪʥʫ ʦʙʣʘʩʪʴ: ʣʽʪʝʨʘʪʫʨʥʠʡ ʞʘʥʨ ʪʚʦʨʫ ʯʠ ʬʽʣʴʤʫ, ʯʘʩ ʫ ʷʢʠʡ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦʜʽʾ 

ʫ ʪʚʦʨʽ, ʪʦʱʦ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʩʪʘʚʣʝʥʦ ʪʘ ʚʠʨʽʰʝʥʦ ʟʘʜʘʯʫ ʨʦʟʨʦʙʢʠ web-ʩʪʦʨʽʥʢʠ ʜʣʷ ʢʦʨʠ-

ʩʪʫʚʘʯʘ, ʥʘ ʷʢʽʡ ʤʽʩʪʠʪʴʩʷ:ʩʧʠʩʦʢ ʜʦʩʪʫʧʥʠʭ ʜʦ ʧʝʨʝʛʣʷʜʫ ʦʧʨʘʮʴʦʚʘʥʠʭ ʜʘ-

ʥʠʭ;ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʘʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ;ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʣʽ-

ʢʫ ʜʦʢʫʤʝʥʪʽʚ ʧʦ ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʫ;ʪʦʯʢʦʚʘ ʜʽʘʛʨʘʤʘ;ʜʝʥʜʨʦʛʨʘʤʘ.  

ʂʦʨʠʩʪʫʚʘʯ ʥʝ ʤʘʻ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ:ʟʙʽʨ ʪʝʢʩʪʦ-

ʚʠʭ ʜʘʥʠʭ;ʧʝʨʚʠʥʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ;ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ ʚ ʯʠʩʣʦ-

ʚʽ;ʧʦʙʫʜʦʚʫ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ. ʆʩʢʽʣʴʢʠ ʧʦʩʪʘʚʣʝʥʘ 

ʟʘʜʘʯʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʦʙôʻʢʪʽʚʧʦʚôʷʟʘʥʘ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʥʮʝʧʪʫʘʣʴ-

ʥʠʭ ʩʭʝʤ ʛʨʫʧʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʽ ʧʦʨʦʜʞʝʥʥʷ ʛʽʧʦʪʝʟ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʠʭ, 

ʪʦ ʚ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʅʘʙʽʨ ʚʭʽʜʥʠʭ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʥʝ ʻ ʢʣʘʩʠʬʽʢʦʚʘʥʠʤ, ʪʦʙʪʦ ʚʽʜʩʫʪʥʷ ʤʦʞ-

ʣʠʚʽʩʪʴ ʨʦʟʜʽʣʠʪʠ ʚʝʩʴ ʥʘʙʽʨ ʜʘʥʠʭ ʥʘ ʥʘʙʽʨ ʜʣʷ ʥʘʚʯʘʥʥʷ ʽ ʪʝʩʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʜʦʢʫʤʝʥʪʘʭ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷ. ɼʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʚʠʨʽʰʝʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʘʣʛʦʨʠʪʤʦʤ k-ʩʝʨʝʜʥʽʭ.  

ɼʣʷ ʘʣʛʦʨʠʪʤʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʦʯʽʢʫʶʪʴʩʷ ʚʭʽʜʥʽ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʫ 

ʦʟʥʘʢ, ï ʯʠʩʣʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʟʥʘʢ ʜʦʢʫʤʝʥʪʽʚ, ʪʦ ʩʘʤʠʤ ʟʤʽʩʪʦʤ ʜʦʢʫʤʝʥʪʽʚ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠ-

ʩʪʘʥʦ ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʥʘʙʦʨʘʤʠ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ. ʉʢʣʘʜʥʽʩʪʴ ʦʙʨʦ-

ʙʢʠ ʚʭʽʜʥʠʭ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʾʭ ʫ çʯʠ-

ʩʪʦʤʫ ʚʠʛʣʷʜʽè. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʦʙʦʪʠ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʪʚʦʨʘʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽ-

ʣʠʪʠ ʪʚʦʨʠ, ʥʘʧʠʩʘʥʽ ʨʽʟʥʠʤʠ ʤʦʚʘʤʠ, ʦʩʢʽʣʴʢʠ ʮʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʘʣ-

ʛʦʨʠʪʤʫ. ʎʝ ʞ ʩʪʦʩʫʻʪʴʩʷ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʢʽʚ ʪʘ ʩʠʤʚʦʣʽʚ.  

ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ (ʨʝʘʣʽʟʘʮʽʷ 

ʘʣʛʦʨʠʪʤʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ), ʦʩʢʽʣʴʢʠ ʤʘʻ ʰʠʨʦʢʠʡ ʨʷʜ ʧʦʪʫʞʥʠʭ ʙʽʙʣʽʦʪʝʢ 

(Numpy, Pandas, scikit-learn, Matplotlib, Ipython, Scipy, NLTK), ʱʦ ʨʦʙʣʷʪʴ ʧʨʦʮʝʩ 

ʨʦʟʨʦʙʢʠ ʜʫʞʝ ʧʨʦʩʪʠʤ ʽ ʚʦʜʥʦʯʘʩ ʰʚʠʜʢʠʤ. 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʽ ʚʽʜʣʘʛʦʜʞʫʚʘʥʥʷ ʢʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ Jupyter, ï ʚʽʜʢʨʠʪʠʡ 

(open source) web-ʜʦʜʘʪʦʢ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʽʥʪʝʨʘʢʪʠʚʥʫ ʨʦʟʨʦʙʢʫ ʥʘ ʙʽʣʴʰ ʥʽʞ 40 

ʩʫʯʘʩʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʪʝ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʢʦʜʫ ʚʠʜʥʦ ʦʜʨʘʟʫ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ, ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʢʦʤʧʽʣʷʮʽʾ ʯʠ ʦʥʦʚʣʝʥʥʷ ʩʪʦʨʽʥʢʠ web-ʙʨʘʫʟʝʨʘ. ʎʝ ʥʘʜʟʚʠʯʘʡʥʦ ʧʽʜʚʠʱʫʻ ʰʚʠʜ-

ʢʽʩʪʴ ʨʦʟʨʦʙʢʠ. 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   38 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʙʣʽʦʪʝʢʠ Matplotlib ʽ 

MPLD3. Matplotlib ʻ ʙʽʙʣʽʦʪʝʢʦʶ ʜʣʷ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʽ ʡʦʛʦ ʨʦʟʰʠ-

ʨʝʥʥʷ ʜʣʷ ʤʘʪʝʤʘʪʠʢʠ NumPy, ʱʦ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ. ɺʦʥʘ ʟʘʙʝʟ-

ʧʝʯʫʻ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ API ʜʣʷ ʚʙʫʜʦʚʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʚ ʜʦʜʘʪʢʠ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʟʘʩʦʙʽʚ GUI, ʷʢ WxPython, Qt ʘʙʦ GTK +. ɼʣʷ ʨʦʟʨʦʙʢʠ web-ʜʦʜʘʪʢʫ ʽ ʘʛ-

ʨʝʛʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ web-ʬʨʝʡʤʚʦʨʢ Flask. 

Web-ʬʨʝʡʤʚʦʨʢ Flask ʻ ʤʽʢʨʦ web-ʬʨʝʡʤʚʦʨʢʦʤ, ʥʘʧʠʩʘʥʠʤ ʥʘ Python ʽ ʥʘ ʦʩʥʦʚʽ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ Werkzeug ʽ Jinja2 ʰʘʙʣʦʥʽʚ. ʄʘʻ ʣʽʮʝʥʟʽʶ BSD. Flask ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʽʢʨʦ ʬʨʝʡʤʚʦʨʢʦʤ, ʪʦʤʫ ʱʦ ʚʽʥ ʥʝ ʤʦʞʝ ʟʤʫʩʠʪʠ ʨʦʟʨʦʙʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʦʡ ʯʠ ʽʥʰʠʡ ʽʥʩʪʨʫʤʝʥʪ ʘʙʦ ʙʽʙʣʽʦʪʝʢʫ, ʥʝ ʤʘʻ ʨʽʚʥʷ ʘʙʩʪʨʘʢʮʽʾ ʙʘʟʠ ʜʘʥʠʭ, ʚʘʣʽ-

ʜʘʮʽʾ ʬʦʨʤ ʘʙʦ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʜʝ ʚʞʝ ʽʩʥʫʶʯʽ ʩʪʦʨʦʥʥʽ ʙʽʙʣʽʦʪʝ-

ʢʠ,ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʛʘʣʴʥʠʡ ʬʫʥʢʮʽʾ. ʇʨʦʪʝ, Flask ʧʽʜʪʨʠʤʫʻ ʨʦʟʰʠʨʝʥʥʷ, ʷʢʽ 

ʤʦʞʫʪʴ ʜʦʜʘʪʠ ʬʫʥʢʮʽʦʥʘʣ. ʈʦʟʰʠʨʝʥʥʷ ʦʥʦʚʣʶʶʪʴʩʷ ʨʝʛʫʣʷʨʥʦ, ʦʩʢʽʣʴʢʠ Flask 

ʤʘʻ ʧʦʪʫʞʥʫ ʩʧʽʣʴʥʦʪʫ ʨʦʟʨʦʙʥʠʢʽʚ. 

ʆʧʠʩ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʧʨʠʟʥʘʯʝ-

ʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʘʛʘʪʴʤʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʚʽʥ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ web-

ʜʦʜʘʪʢʫ. ɼʣʷ ʧʦʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʤʽʩʪʠʪʠ 

ʮʝʡ web-ʜʦʜʘʪʦʢ ʥʘ ʦʜʥʽʡ ʟ ʭʦʩʪʠʥʛʦʚʠʭ ʧʣʘʪʬʦʨʤ (Google App Engine, Heroku, 

AWS, Digital Ocean). ʎʝʡ ʘʩʧʝʢʪ ʥʝ ʚʭʦʜʠʪʴ ʚ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʇʝʨʝʣʽʢ ʢʦʤʧʦʥʝʥʪʽʚ.ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʢʦʤʧʦʥʝʥʪʠ: ʧʽʜ-

ʛʦʪʦʚʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ;ʨʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ;ʧʽʜʛʦʪʦʚʢʠ ʨʝʟʫʣʴʪʘ-

ʪʽʚ;ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ (web -ʜʦʜʘʪʦʢ). 

ʂʦʤʧʦʥʝʥʪ ʧʽʜʛʦʪʦʚʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʇʽʜ ʧʽʜʛʦʪʦʚʢʦʶ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʨʦʟʫ-

ʤʽʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʧʨʠʚʝʜʝʥʥʷ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʦ ʬʦʨʤʘʪʫ, ʟ ʷʢʠʤ ʣʝʛ-

ʢʦ ʧʨʘʮʶʚʘʪʠ ʥʘʩʪʫʧʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ, ï ʢʦʤʧʦʥʝʥʪʫ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩ-

ʪʝʨʠʟʘʮʽʾ. ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ ʜʘʥʠʭ ʜʦ ʪʘʢʦʛʦ ʬʦʨʤʘʪʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʨʷʜ ʧʝʨʝ-

ʪʚʦʨʝʥʴ: ʧʨʝʪʚʦʨʝʥʥʷ ʪʝʢʩʪʫ ʜʦ ʥʠʞʥʴʦʛʦ ʨʝʛʽʩʪʨʫ;ʚʠʜʘʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘ-

ʢʽʚ;ʨʦʟʙʠʪʪʷ ʥʘ ʣʝʤʠ;ʧʝʨʝʚʽʨʢʘ ʤʦʚʠ;ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʧʨʦʩʪʦʾ ʬʦʨʤʠ. 

ʂʦʤʧʦʥʝʥʪ ʨʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʮʴʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ ʻ ʧʽʜʛʦʪʦʚʣʝʥʽ ʪʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ. ʄʘʩʠʚ ʜʦʢʫʤʝʥʪʽʚ ʧʽʜʜʘʻʪʴʩʷ ʦʙ-

ʨʦʙʮʽ ʤʝʪʦʜʦʤ TF-IDF: TF (term frequency ï ʯʘʩʪʦʪʘ ʩʣʦʚʘ) ï ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ 

ʚʭʦʜʞʝʥʴ ʦʙʨʘʥʦʛʦ ʩʣʦʚʘ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʣʽʚ ʜʦʢʫʤʝʥʪʘ (1). ʊʘʢʠʤ ʯʠʥʦʤ, 

ʦʮʽʥʶʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʩʣʦʚʘ ʚ ʤʝʞʘʭ ʦʙʨʘʥʦʛʦ ʜʦʢʫʤʝʥʪʫ: =
ä

i

k
k

n
TF

n
,       (1) 

ʜʝ inï ʯʠʩʣʦ ʚʭʦʜʞʝʥʴ ʩʣʦʚʘ ʚ ʜʦʢʫʤʝʥʪ, ʘ ʚ ʟʥʘʤʝʥʥʠʢʫ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ 

ʚ ʜʦʢʫʤʝʥʪʽ. IDF (inverse document frequency ï ʦʙʝʨʥʝʥʘ ʯʘʩʪʦʪʘ ʜʦʢʫʤʝʥʪʘ) ï ʽʥ-

ʚʝʨʩʽʷ ʯʘʩʪʦʪʠ, ʟ ʷʢʦʶ ʩʣʦʚʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʜʦʢʫʤʝʥʪʘʭ ʢʦʣʝʢʮʽʾ (2). ɺʠʢʦʨʠʩʪʘʥ-

ʥʷ IDF ʟʤʝʥʰʫʻ ʚʘʛʫ ʰʠʨʦʢʦʚʞʠʚʘʥʠʭ ʩʣʽʚ: log
( )

=
Èi i

D
IDF

d t
,                  (2) 
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ʜʝ |D| ï ʢʣ̔ʴʢʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ ʢʦʣʝʢʮʽʾ; ( )Èi id t ï ʢʽʣʴʢʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ, ʚ ʷʢʠʭ ʟʫ-

ʩʪʨʽʯʘʻʪʴʩʷ ʩʣʦʚʦ it  (ʢʦʣʠ 0̧in ). 

ɺʠʙʽʨ ʦʩʥʦʚʠ ʣʦʛʘʨʠʬʤʫ ʫ ʬʦʨʤʫʣʽ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ, ʘʜʞʝ ʟʤʽʥʘ ʦʩʥʦʚʠ ʧʨʠʟʚʝ-

ʜʝ ʜʦ ʟʤʽʥʠ ʚʘʛʠ ʢʦʞʥʦʛʦ ʩʣʦʚʘ ʥʘ ʧʦʩʪʽʡʥʠʡ ʤʥʦʞʥʠʢ, ʪʦʙʪʦ ʚʘʛʦʚʝ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʟʘʣʠʰʠʪʴʩʷ ʥʝʟʤʽʥʥʠʤ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʢʘʟʥʠʢ TF-IDF ʮʝ ʜʦʙʫʪʦʢ ʜʚʦʭ 

ʤʥʦʞʥʠʢʽʚ: TF ʪʘ IDF (3).                    - = ÖTF IDF TF IDF                            (3) 

ɹʽʣʴʰʫ ʚʘʛʫ TF-IDF ʦʪʨʠʤʘʶʪʴ ʩʣʦʚʘ ʟ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʧʦʷʚʠ ʚ ʤʝʞʘʭ ʜʦʢʫ-

ʤʝʥʪʫ ʪʘ ʥʠʟʴʢʦʶ ʯʘʩʪʦʪʦʶ ʚʞʠʚʘʥʥʷ ʚ ʽʥʰʠʭ ʜʦʢʫʤʝʥʪʘʭ ʢʦʣʝʢʮʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʘʥʦ ʤʘʩʠʚ ʯʠʩʣʦʚʠʭ ʚʝʢʪʦʨʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʞʥʦʛʦ ʩʣʦʚʘ ʟ ʜʝʷʢʦʛʦ ʥʘʙʦʨʫ ʩʣʽʚ (ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ ʥʘʙʦʨʫ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʥʽʩʪʴ 

ʚʝʢʪʦʨʫ) ʚ ʢʦʞʥʦʤʫ ʜʦʢʫʤʝʥʪʽ. ʇʦʜʽʙʥʘ ʤʦʜʝʣʴ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʢʪʦʨʥʦʾ ʤʦʜʝʣʣʶ 

(vector space model) ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʶʚʘʪʠ ʪʝʢʩʪʠ, ʧʦʨʽʚʥʶʶʯʠ ʾʭ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʯʠ ʚʝʢʪʦʨʠ ʚ ʧʝʚʥʠʡ ʤʝʪʨʠʮʽ (ʝʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ, ʢʦʩʠʥʫʩʥʘ ʤʽʨʘ, ʤʘʥʭʝʪ-

ʪʝʥʩʴʢʘ ʚʽʜʩʪʘʥʴ, ʚʽʜʩʪʘʥʴ ʏʝʙʠʰʦʚʘ ʪʘ ʽʥʰʽ), ʪʦʙʪʦ ʚʠʢʦʥʫʚʘʪʠ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ 

[1]. ʆʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʚʝʢʪʦʨʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʤʥʦʞʠ-

ʥʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ k-ʩʝʨʝʜʥʽʭ. ʇʨʠʥʮʠʧ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷ-

ʛʘʻ ʚ ʧʦʰʫʢʫ ʪʘʢʠʭ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ ʪʘ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʫ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʜʝʷʢʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʚʠʨʘʞʘʻ ʷʢʽʩʪʴ ʧʦʪʦʯʥʦʛʦ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʥʘ k 

ʢʣʘʩʪʝʨʽʚ, ʢʦʣʠ ʩʫʤʘʨʥʝ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʣʘʩʪʝʨʽʚ ʚʽʜ ʮʝʥʪʨʽʚ 

ʮʠʭ ʢʣʘʩʪʝʨʽʚ ʙʫʜʝ ʥʘʡʤʝʥʰʠʤ (4): 
2
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= -mä ä

j i
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V x ,                           (4) 

 

ʈʠʩ. 1. ʃʽʪʝʨʘʪʫʨʘ. ʊʝʢʩʪʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 
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ʜʝ k ï ʯʠʩʣʦ ʢʣʘʩʪʝʨʽʚ; iS ï ʦʪʨʠʤʘʥʽ ʢʣʘʩʪʝʨʠ, 1,2,...,=i k; miï ʮʝʥʪʨʠ ʤʘʩ ʚʝʢ-

ʪʦʨʽʚ Íj ix S. ɺ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʦʙʠʨʘ-

ʶʪʴʩʷ ʮʝʥʪʨʠ ʢʣʘʩʪʝʨʽʚ, ʜʘʣʽ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʤʥʦʞʠʥʠ ʽʪʝʨʘʮʽʡʥʦ ʦʙʨʘʭʦ-

ʚʫʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʽʚ ʟ ʧʨʠʻʜʥʘʥʥʷʤ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʦ ʢʣʘʩʪʝʨʫ ʟ ʥʘʡ-

ʙʣʠʞʯʠʤ ʮʝʥʪʨʦʤ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʪʝʨʽʚ ʦʙʯʠʩʣʶʶʪʴʩʷ ʥʦʚʽ ʟʥʘ-

ʯʝʥʥʷ ʮʝʥʪʨʽʚ, ʥʘʤʘʛʘʶʯʠʩʴ ʧʨʠ ʮʴʦʤʫ ʤʽʥʽʤʽʟʫʚʘʪʠ ʬʫʥʢʮʽʶ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʚʪʦ-

ʨʶʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ [2]. 

 

ʈʠʩ. 2. ʃʽʪʝʨʘʪʫʨʘ. ʊʦʯʢʦʚʘ ʜʽʘʛʨʘʤʘ 

ʂʦʤʧʦʥʝʥʪ ʧʽʜʛʦʪʦʚʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʢʦʤʧʦʥʝʥʪʽ ʧʽʜʛʦʪʦʚʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙ-

ʯʠʩʣʶʻʪʴʩʷ ʤʘʪʨʠʮʷ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ, ʨʝʟʫʣʴʪʘʪ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʜʚʦʚʠ-

ʤʽʨʥʦʛʦ ʚʠʛʣʷʜʫ, ʬʦʨʤʫʶʪʴʩʷ ʛʨʘʬʽʢʠ. ʊʘʢʦʞ ʚ ʮʴʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʛʨʬʽʢʽʚ ʫ HTML, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʾʭ ʽʥʪʝʨʘʢʪʠʚʥʦ ʫ web-

ʙʨʘʫʟʝʨʽ. 

ʂʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ (web-ʜʦʜʘʪʦʢ). ɼʘʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚʠ-

ʢʦʥʫʻ ʘʛʨʝʛʘʮʽʡʥʫ ʬʫʥʢʮʽʶ ʜʣʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʚ ʧʦʧʝʨʝʜʥʽʭ 

ʢʦʤʧʦʥʝʥʪʘʭ. ʂʦʤʧʦʥʝʥʪ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ web-ʜʦʜʘʪʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ web-

ʬʨʝʡʤʚʦʨʢʫ Flask. ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʢʣʘʩʠʬʽʢʘʪʦʨʫ ʽ ʧʝʨʝʜʘʻ ʥʘ 

ʬʨʦʥʪ ʚʩʶ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʘʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ. ɼʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ HTML-

ʢʦʜʫ ʚʠʢʦʨʠʩʪʘʥʽ ʰʘʙʣʦʥʠ Jinja2.  

ʈʦʙʦʪʘ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʧʨʦʛʨʘʤʦʶ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʦʙʯʠʩʣʝʥʴ ʢʦʨʠ-

ʩʪʫʚʘʯʫ ʜʦʩʪʘʪʥʴʦ ʚʽʜʢʨʠʪʠ ʫ ʚʽʢʥʽ ʙʨʘʫʟʝʨʘ web-ʩʪʦʨʽʥʢʫ ʟʘ ʚʢʘʟʘʥʦʶ ʘʜʨʝʩʦʶ (ʟʘ 

ʫʤʦʚʠ ʨʦʟʛʦʨʪʘʥʥʷ web-ʜʦʜʘʪʢʫ ʥʘ ʭʦʩʪʠʥʛʦʚʽʡ ʧʣʘʪʬʦʨʤʽ). ɼʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʟʘ-

ʧʫʩʢʫ ʩʝʨʚʝʨʘ ʥʘ ʣʦʢʘʣʴʥʽʡ ʤʘʰʠʥʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʫ ʢʦʤʘʥʜʫ ʚ ʢʦ-

ʤʘʥʜʥʦʤʫ ʨʷʜʢʫ: python flasky.py. 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 
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ʈʠʩ. 3. ʃʽʪʝʨʘʪʫʨʘ. ɼʝʥʜʨʦʛʨʘʤʘ 

ɺ ʧʦʯʘʪʢʦʚʽʡ ʚʝʨʩʽʾ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʥʫʪʠ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩ-

ʣʝʥʴ ʜʣʷ ʜʚʦʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ:ʚʠʧʘʜʢʦʚʽ ʣʽʪʝʨʘʪʫʨʥʽ ʪʚʦʨʠ ʟ ʧʨʦʝʢʪʫ 

Gutenberg;ʪʝʢʩʪʦʚʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 1); ʪʦʯʢʦʚʘ ʜʽʘʛʨʘʤʘ (ʨʠʩ. 2);ʜʝʥʜʨʦʛʨʘʤʘ 

(ʨʠʩ. 3). 

ɺʠʩʥʦʚʢʠ. ʉʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠ-

ʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʩʭʝʤ ʛʨʫʧʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ ʦʟʥʘʢʘʤʠ ʽ 

ʛʝʥʝʨʘʮʽʶ  ʛʽʧʦʪʝʟ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʠʭ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ, ʦʙʨʦʙʢʠ, ʢʣʘʩʪʝʨʠʟʘ-

ʮʽʾ, ʦʪʨʠʤʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʫ. ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷ. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠ-

ʢʦʥʘʥʘ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʽʩʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢ-

ʪʫ.  

ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʢʨʠʪʠʭ, ʙʝʟʢʦʰʪʦʚʥʠʭ ʟʘʩʦ-

ʙʽʚ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʪʦʤʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʝ ʧʝʨʝʚʠʱʫʻ ʚʘʨʪʦʩʪʽ 

ʯʘʩʫ ʨʦʟʨʦʙʥʠʢʘ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python, web-ʬʨʝʡʤʚʦʨʢ 

Flask, ʽʥʪʝʨʘʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ Jupyter, ʙʽʙʣʽʦʪʝʢʠ scikitlearn, nltk, 

matplotlib, numpy, pandas ʪʘ ʽʥʰʽ. ʉʘʤʝ ʪʘʢʠʡ ʥʘʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʥʘʡʙʽʣʴʰ ʛʥʫʯ-

ʢʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 

ʃʽʪʝʨʘʪʫʨʘ 
1.Jones K. S. A statistical interpretation of term specificity and itsapplication in retrieval // Journal 

of Documentation - MCB University: MCB University Press, 2004, V. 60, ˉ 5.- p. 68-74. 

2.Hartigan J.A. Clustering algorithms. - New Haven,Connecticut, 1975. - 580 p. 
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ɼʀʅɸʄɯʏʅʀʍ ɺɸɻɸʍ 
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ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ (ɸʉ) ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʘʝʨʦʜʠʤʽʯʥʠʭ ʪʨʫʙʘʭ (ɸɼʊ) ʻ ʨʦʟʨʦʙʢʘ ʰʚʘʜʢʦʜʽʶʯʠʭ ʟʘʩʦʙʽʚ 

ʪʘ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʝʡ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ʄʃɸ). ʅʘ-

ʧʨʠʢʣʘʜ, ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʤʝʭʘʥʽʯʥʽ ʚʘʛʠ (ɸʄɺ) ɸɺ-2ʄ ʜʦʟʚʫʢʦʚʦʾ ɸɼʊ ɸʊ-1 ʜʦ-

ʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʽʥʪʝʛʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʃɸ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩ-

ʧʝʨʠʤʝʥʪʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʘʥʥʦʾ ʨʦʟʨʦʙʢʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʚʘʛʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 

(ɺɽ)/ʪʝʥʟʦʜʠʥʘʤʦʤʝʪʨʘ ɸɺʄ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʽʜʦʤʦ.ʊʠʧʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ.  ɺ ʦʩʥʦʚʽ ʨʦ-

ʙʦʪʠ ʪʝʥʟʦʧʝʨʝʪʚʦʨʶʚʘʯʘ ʣʝʞʠʪʴ ʷʚʠʱʝ ʪʝʥʟʦʝʬʬʝʢʪʘ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʟʤʽʥʽ ʘʢʪʠʚ-

ʥʦʛʦ ʦʧʦʨʫ ʧʨʦʚʽʜʥʠʢʽʚ ʧʨʠ ʾʭ ʤʝʭʘʥʽʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʝʥʟʦʝʬʬʝʢʪʘ ʤʘʪʝʨʽʘʣʫ ʻ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʩʥʦʾ ʪʝʥʟʦʯʫʪʣʠ-

ʚʦʩʪʽ ʂ. ʇʨʠ ʜʝʬʦʨʤʘʮʽʾ ʪʚʝʨʜʠʭ ʪʽʣ ʟʤʽʥʘ ʾʭ ʜʦʚʞʠʥʠ ʧʦʚʷʟʘʥʦ ʟ ʟʤʽʥʦʶ ʦʙʩʷʛʫ, 

ʢʨʽʤ ʪʦʛʦ, ʟʤʽʥʶʶʪʴʩʷ ʽ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʦʢʨʝʤʘ ʚʝʣʠʯʠʥʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ. ʊʦʤʫ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʥʟʦʯʫʪʣʠʚʦʩʪʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʙʫʪʠ ʚʠʨʘʞʝʥʝ ʷʢ 

K = (1..2..956) m  

ʊʫʪ ʚʝʣʠʯʠʥʘ (1..2..956) ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʦʧʦʨʫ, ʧʦʚʷʟʘʥʝ ʽʟ ʟʤʽʥʦʶ ʛʝʦʤʝʪ-

ʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ (ʜʦʚʞʠʥʠ ʽ ʧʝʨʝʪʠʥʫ) ʧʨʦʚʽʜʥʠʢʘ, ʘ - ʟʤʽʥʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʤʘʪʝ-

ʨʽʘʣʫ, ʧʦʚʷʟʘʥʝ ʟʽ ʟʤʽʥʦʶ ʡʦʛʦ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʗʢʱʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʝʥʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʤʘʪʝʨʽʘʣʠ, ʪʦ ʯʫʪʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʤʽʥʦʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘ-

ʣʫ ʨʝʰʽʪʢʠ ʧʨʠ ʾʾ ʜʝʬʦʨʤʘʮʽʾ, ʽ K m ʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ 

40 ʜʦ 200.  

ɺʩʽ ʽʩʥʫʶʯʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ï ʜʨʦʪʷʥʽ, ʬʦ-

ʣʴʛʦʚʽ, ʧʣʽʚʢʦʚʽ.  

ɼʨʦʪʷʥʽ ʪʝʥʟʦʜʘʪʯʠʢʠ ʚ ʪʝʭʥʽʮʽ ʚʠʤʽʨʶʚʘʥʴ ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʟʘ ʜʚʦʤʘ ʥʘʧʨʷʤʢʘʤʠ. ʇʝʨʰʠʡ ʥʘʧʨʷʤʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʥʟʦʝʬʬʝʢʪʘ 

ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʦʙʻʤʥʦʛʦ ʩʪʠʩʥʝʥʥʷ, ʢʦʣʠ ʧʨʠʨʦʜʥʦʶ ʚʭʽʜʥʠʡ 

ʚʝʣʠʯʠʥʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʻ ʪʠʩʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʡʦʛʦ ʛʘʟʫ ʘʙʦ ʨʽʜʠʥʠ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʪʫʰʢʫ ʜʨʦʪʠ (ʟʘʟʚʠʯʘʡ ʤʘʥʛʘʥʽʥʦʚʦʛʦ), 

ʚʤʽʱʝʥʫ ʚ ʦʙʣʘʩʪʴ ʚʠʤʽʨʶʚʘʥʦʛʦ ʪʠʩʢʫ (ʨʽʜʠʥʠ ʘʙʦ ʛʘʟʫ). ɺʠʭʽʜʥʠʡ ʚʝʣʠʯʠʥʦʶ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʻ ʟʤʽʥʘ ʾʾ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ. ɼʨʫʛʠʡ ʥʘʧʨʷʤʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʥʟʦ-

ʝʬʬʬʝʢʪʘ ʨʦʟʪʷʛʫʶʯʦʾ ʜʨʦʪʫ ʟ ʪʝʥʟʦʯʫʪʣʠʚʽ ʤʘʪʝʨʽʘʣʫ.  

ɼʘʪʯʠʢ ʟʘʟʚʠʯʘʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʡʦʛʦ ʥʘʡʙʽʣʴʰ ʜʦʚʛʘ ʩʪʦʨʦʥʘ ʙʫʣʘ 

ʦʨʽʻʥʪʦʚʘʥʘ ʚ ʥʘʧʨʷʤʢʫ ʚʠʤʽʨʶʚʘʥʦʾ ʩʠʣʠ. ʊʘʢʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʙʫʜʫʯʠ ʧʨʠʢʣʝʻ-

ʥʠʤ ʜʦ ʚʠʧʨʦʙʫʚʘʥʦʾ ʜʝʪʘʣʽ, ʩʧʨʠʡʤʘʻ ʜʝʬʦʨʤʘʮʽʾ ʾʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʨʦʜʥʦʶ ʚʭʽʜʥʠʡ ʚʝʣʠʯʠʥʦʶ ʥʘʢʣʝʶʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʻ 

ʜʝʬʦʨʤʘʮʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ, ʥʘ ʷʢʫ ʚʽʥ ʥʘʢʣʝʻʥʠʡ, ʘ ʚʠʭʽʜʥʠʡ-ʟʤʽʥʘ 

ʦʧʦʨʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʧʨʦʧʦʨʮʽʡʥʝ ʮʽʻʾ ʜʝʬʦʨʤʘʮʽʾ.  

ɿʘʟʚʠʯʘʡ ʜʘʪʯʠʢʠ, ʱʦ ʥʘʢʣʝʶʶʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ, ʥʽʞ 

ʪʽ, ʱʦ ʥʝ ʥʝʥʘʢʣʝʶʶʪʴʩʷ.  

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ. ʉʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʽʚ ʽ ʩʠʣ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʄʃɸ ʚ ɸʊɼ ɸʊ-1. ʎʽ ʩʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʞʝʣʽʚ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʛʨʫʧʫ ʟ 

7 ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ (ʊɼ), ʱʦ ʤʘʶʪʴ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʠʭ ʟʫʩʠʣʴ 0-1000 

ʢʛ.  

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʊɼ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɺʂ 

(ʨʠʩ. 1), ʷʢʠʡ ʚʢʣʶʯʘʻ ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ (ɼʆʅ) ʜʣʷ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʊɼ, 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ (ɼʄ), ʪʨʴʦʭ ʙʣʦʢʽʚ ʢʦʤʫʪʘʮʽʾ (ɹʂ1 - ɹʂ3), ʚʠ-

ʤʽʨʶʚʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ (ɺʇ), ʽʥʚʝʨʪʦʨʘ (ɯ), ʬʽʣʴʪʨʽʚ ʥʠʞʥʽʭ ʯʘʩʪʦʪ (ʌʅʏ), ʧʽ-

ʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ (ʇʇ1, ʇʇ2), ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ (ʆʇ) ʽ ʤʽʢʨʦʢʦʥʚʝ-

ʨʪʦʨʠ (ʄʂ) ADUC824.  

ɺʦʥʠ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʟʘ 4-ʭ ʢʦʥʪʘʢʪʥʦʶ ʩʭʝʤʦʶ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʜʚʘ ʦʧʝʨʘʮʽʡ-

ʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʇʇ1, ʇʇ2. ɺʠʤʽʨʶʚʘʣʴʥʽ ʜʽʘʛʦʥʘʣʽ ʊɼ ʥʘʜʭʦʜʷʪʴ ʥʘ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ (ɼʄ), ʚʠʭʽʜ ʷʢʦʛʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʚʠʤʽʨʶʚʘʣʴ-

ʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ (ɺʇ). ɹʣʦʢ ʢʦʤʫʪʘʮʽʾ ɹʂ3 ʢʦʤʫʪʫʻ ʩʠʛʥʘʣ ʚʽʜ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ 

ʥʘʧʨʫʛʠ (ɼʆʅ) + 5ɺ, ʩʪʚʦʨʶʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʨʽʟʥʦʧʦʣʷʨʥʽ ʥʘʧʨʫʛʠ. ɯʥʚʝʨʪʦʨ ɯ 

ʩʪʚʦʨʶʻ ʥʝʛʘʪʠʚʥʫ ʥʘʧʨʫʛʫ 5ɺ. ɹʣʦʢʠ ʢʦʤʫʪʘʮʽʾ ɹʂ1, ɹʂ2 ʽ ʟʨʘʟʢʦʚʽ ʨʝʟʠʩʪʦʨʠ 

R15-R18 ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʦʨʝʢʮʽʾ ʧʦʭʠʙʢʠ ɺʂ. ʌʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ 

(ʌʅʏ) ʦʙʤʝʞʫʻ ʩʤʫʛʫ ʯʘʩʪʦʪ. ʈʝʟʠʩʪʦʨʥʠʡ ʜʽʣʴʥʠʢ R23, R24 ʽ ʧʦʚʪʦʨʶʚʘʯ ʥʘ ʆʇ 

ʆʈ-27 ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʚʝʜʝʥʥʷ ʚ ɺʂ ʥʘʧʨʫʛʠ ʟʩʫʚʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʫʟʛʦʜʞʝʥʥʷ ʟ 

ʜʽʘʧʘʟʦʥʦʤ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ ɸʎʇ ʤʽʢʨʦʢʦʥʚʝʨʪʦʨʠ ADUC824 (100 ʤɺ ... 4,5 ɺ).  

ʋ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʜʠʪʠʚʥʦ-ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʘ ʢʦʨʝʢʮʽʷ ʙʝʟ 

ʢʦʤʫʪʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʜʽʘʛʦʥʘʣʽ ʪʝʥʟʦʤʦʩʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʪʘ-

ʢʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ ʷʢ ʪʝʨʤʦ-ɽʈʉ ʢʦʥʪʘʢʪʽʚ, ʧʘʨʘʟʠʪʥʽ ʩʪʨʫʤʠ ʚʠʪʦʢʫ ʽ ʦʧʽʨ 

ʣʽʥʽʾ, ʘ ʪʘʢʦʞ ʚʩʽ ʘʜʠʪʠʚʥʽ ʽ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʽ ʧʦʭʠʙʢʠ ɺʂ.  

ɼʦʩʣʽʜʞʝʥʥʷ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 

ʝʢʩʧʝʨʠʤʝʥʪʠ. 

 

ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ 
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ʊʘʙʣʠʮʷ 1. ɺʠʭʽʜʥʘ ʤʘʪʨʠʮʷ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ - ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʪʠ ʥʦʚʽ ʥʘʫ-

ʢʦʚʽ ʟʥʘʥʥʷ. ɺ ʡʦʛʦ ʦʩʥʦʚʫ ʧʦʢʣʘʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ, ʷʢʠʡ ʻ ʥʘʫʢʦʚʦ ʧʦʩʪʘʚʣʝʥʠʤ 

ʜʦʩʣʽʜʦʤ ʘʙʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʷʚʠʱʘ, ʜʝ ʪʦʯʥʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫʤʦʚʠ, ʱʦ ʜʦʟʚʦʣʷ-

ʶʪʴ ʩʪʝʞʠʪʠ ʟʘ ʡʦʛʦ ʭʦʜʦʤ, ʢʝʨʫʚʘʪʠ ʥʠʤ, ʚʽʜʪʚʦʨʶʚʘʪʠ ʡʦʛʦ ʢʦʞʥʦʛʦ ʨʘʟʫ ʧʨʠ 

ʧʦʚʪʦʨʝʥʥʽ ʮʠʭ ʫʤʦʚ. ɺʽʜ ʟʚʠʯʥʦʛʦ, ʙʫ-

ʜʝʥʥʦʛʦ, ʧʘʩʠʚʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʝʢʩ-

ʧʝʨʠʤʝʥʪ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʘʢʪʠʚʥʦʶ ʜʽʻʶ 

ʜʦʩʣʽʜʥʠʢʘ ʥʘ ʷʚʠʱʝ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ - ʧʝʨʝʚʽ-

ʨʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ (ʧʽʜʪʚʝʨ-

ʜʞʝʥʥʷ ʨʦʙʦʯʦʾ ʛʽʧʦʪʝʟʠ), ʘ ʪʘʢʦʞ ʰʠʨ-

ʰʝ ʽ ʛʣʠʙʰʝ ʚʠʚʯʝʥʥʷ ʪʝʤʠ ʥʘʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʧʨʦʚʝʜʝʥʠʡ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʚ ʥʘʡʢʦʨʦʪ-

ʰʠʡ ʪʝʨʤʽʥ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʠʪʨʘʪʦʶ ʤʘ-

ʪʝʨʽʘʣʴʥʠʭ ʽ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʧʨʠ ʥʘʡ-

ʚʠʱʽʡ ʷʢʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʘʙʣʠʮʷ 2. ʇʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ ʝʬʝʢʪʠʚʥʦʩʪʽ  

 ɺʽʢʦʥ ɺʩʝ 

ʏʠʩʣʦ ʜʦʩʣʽʜʽʚ 20 64 

ɺʠʟʥʘʯʥʠʢ 113246E4 439804E7 

Log(e) ʚʽʜ ʚʠʟʥʘʯʥʠʢʘ 

.  
20,84766 29,11218 

ʉʣʽʜ ,3625 ,109375 

Log(e) ʚʽʜ ʩʣʽʜʫ -1,01473 -2,21297 

D-ʝʬʝʢʠʚʥ. (%) 98,2657 100, 

A-ʝʬʝʢʪʠʚʥ. (%) 96,55172 100, 

ʄʘʢʩ.ʧʨʝʜʩʢ.ʧʝʨ. ,425 ,109375 

G-ʝʬʝʢʪʠʚʥ. (%) 90,74852 100, 
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ʇʦʙʫʜʦʚʘ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺʠʭʽʜʥʘ ʤʘʪʨʠʮʷ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʘʻ ʥʘ-

ʩʪʫʧʥʠʡ ʚʠʛʣʷʜ (ʪʘʙʣ. 1). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ STATISTICA ʙʫʜʦ ʧʦʙʫʜʦʚʘʥʦ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝ-

ʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʥʟʦʜʘʪʯʠʢʽʚ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 2. ʇʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʊʘʙʣ.1.sta) 6 ʬʘʢʪʦʨʠ; 20 ʪʦʯ.; D-

ʦʧʪʠʤ. ʄʦʜʝʣʴ ʚʢʣ.: ʛʣ. ʝʬʝʢʪʠ 

ɺʠʩʥʦʚʢʠ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ɸɼʊ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʣʽʪʘʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʾʭ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ, ʪʦʤʫ ʙʫʣʦ ʟʘʧʨʦʧʦʚʘʥʦ ʨʽʰʝʥʥʷʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʥʟʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 
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ʾʭ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʨʝʣʴʻʬʽʚ ʧʦʚʝʨʭʦʥʴ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʦʜʠʪʠ 

ʤʝʭʘʥʽʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ.  

ʄʝʪʘ ʜʦʧʦʚʽʜʽ: ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʘʥʪʝʥ ʥʘ 

ʬʘʟʦʚʘʥʠʭ ʨʝʰʽʪʢʘʭ ʜʣʷ ʢʦʥʪʨʦʶ ʨʝʣʴʻʬʽʚ ʧʦʚʝʨʭʦʥʴ ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʙ ʚʠʚʦʜʠʣʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʬʦʨ-

ʤʽ, ʜʦʩʪʫʧʥʽʡ ʜʣʷ ʦʛʣʷʜʫ, ʘʥʘʣʽʟʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʫ ʧʦʻʜʥʘʥʥʽ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʧʦʚʝʨ-

ʭʦʥʴ ʽʩʥʫʶʯʠʤʠ ʜʝʬʝʢʪʦʩʢʦʧʘʤʠ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʟ ʣʽʥʽʡʥʠʤʠ ʨʦʟʤʽ-

ʨʘʤʠ  ʜʦ ʜʝʩʷʪʢʽʚ ʤʝʪʨʽʚ ʪʘ ʤʘʣʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʚʽʜ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ.  

ʉʢʘʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽ-

ʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʨʠʡʦʤʫ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʭʚʠʣʴ, ʱʦ ʛʝʥʝ-

ʨʫʶʪʴʩʷ ʬʘʟʦʚʘʥʦʶ ʘʢʪʠʚʥʦʶ ʨʝʰʽʪʢʦʶ. ʋʧʨʘʚʣʽʥʥʷ ʟʩʫʚʦʤ ʬʘʟ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʝʨʫʚʘʪʠ ʥʘʧʨʷʤʦʤ ʬʦʢʫʩʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʈʠʩ.1). 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ 

ʉʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʚ ʩʢʣʘʜʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ 

ʩʪʘʥʦʤ ʪʫʥʝʣʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ: ʪʨʘʥʩʧʦʨʪʥʠʭ ʯʠ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ. 

ʉʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F4DISCOVERY ʟ ʤʽʢʨʦʧ-

ʨʦʮʝʩʦʨʦʤ Cortex. ɼʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʚʭʦʜʷʪʴ ʪʘʢʽ ʩʢʣʘʜʦʚʽ: ʬʘʟʦʦʙʝʨʪʘʯ (ű ʥʘ 

ʨʠʩ. 1), ʘʥʪʝʥʥʘ ʨʝʰʽʪʢʘ ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤʠ ʜʘʚʘʯʘʤʠ, ʇʂ. ʄʽʢʨʦʢʦʥʪʨʦʣʣʝʨ ʟʘ-

ʙʝʟʧʝʯʫʻ ʧʦʻʜʥʘʥʥʷ ʚ ʩʠʩʪʝʤʫ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ, ʘ ʪʘʢʦʞ ʟʚô̫ ʟʦʢ ʽʟ ʇʂ.  

ɿʚôʷʟʦʢ ʽʟ ʇʂ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʽʥʪʝʨʬʝʡʩʦʤ UART, ʷʢʠʡ ʻ ʚ ʙʘʟʦʚʽʡ ʢʦʤʧʣʝʢʪʘʮʽʾ  

ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F4DISCOVERY. ɼʘʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ 

ʰʚʠʜʢʦʩʪʽ 19200 ʙʦʜ/ʩ. 

ɿʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʚʝʨʭʥʶ ʪʫʥʝʣʶ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ 

ʧʨʦʭʦʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʭʚʠʣʽ ʚʽʜ ʘʥʪʝʥʠ ʜʦ ʧʦʚʝʨʭʥʽ ʪʫʥʝʣʶ ʽ ʥʘʟʘʜ. ɺ ʧʨʦ-

ʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ ʚ ʧʦʚʽʪʨʽ, ʷʢʘ ʻ 

ʩʪʘʣʦʶ ʽ ʩʢʣʘʜʘʻ ʧʨʠ 150 ʉ, ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ 760 ʤʤ ʨʪʫʪʥʦʛʦ ʩʪʦʚʧʘ 

340 ʤ/ʩʝʢ. ʇʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ʚʽʜʙʠʪʪʷ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʠʭ ʭʚʠʣʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʪʫʥʝʣʶ.  

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ Lab-

VIEW. ʇʨʦʛʨʘʤʘ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʉʆʄ-ʧʦʨʪ, ʦʙʨʦʙʢʫ ʽ 

ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʛʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʛʨʘ-

ʬʽʢʽʚ. 

ɼʦ ʩʢʣʘʜʫ ʘʥʪʝʥʠ ʚʭʦʜʠʪʴ ʥʘʙʽʨ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʷʢʽ ʥʘ ʤʘʣʶʥʢʫ ʩʭʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʨʫʧʦʨʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ (ʈʠʩ. 2). 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   47 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʬʘʟʦʚʘʥʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ 

ɺʭʽʜ ʘʥʪʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʜʥʠʤ ʭʚʠʣʝʚʦʜʦʤ. ʄʽʞ ʚʭʦʜʦʤ ʘʥʪʝʥʠ ʽ ʚʠʧʨʦʤʽ-

ʥʶʚʘʯʘʤʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʜʽʣʴʥʠʢ ʧʦʪʫʞʥʦʩʪʽ ʽ ʚ ʣʘʥʮʶʟʽ ʞʠʚʣʝʥʥʷ ʢʦʞʥʦʛʦ ʚʠ-

ʧʨʦʤʽʥʶʚʘʯʘ ʚʢʣʶʯʝʥʠʡ ʬʘʟʦʦʙʝʨʪʘʯ. ʌʘʟʦʦʙʝʨʪʘʯʽ ʢʫʨʫʶʪʴʩʷ ʢʦʤʧ'ʶʪʝʨʦʤ ʽ 

ʬʦʨʤʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʬʘʟ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʯʽ.  

ʆʪʞʝ, ʨʦʟʚʠʪʦʢ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʫʚʘʪʠ ʩʫʯʘʩʥʽ 

ʪʫʥʝʣʴʥʽ ʦʙôʻʢʪʠ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʾʭ ʫ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ. 
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ɺʚʝʜʝʥʠʝ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ , ,RLC-ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦ-ʨʘʜʠʦʵʣʝʤʝʥʪʦʚ ʫʟʣʦʚ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʤʦʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʟʜʝʣʠʠ, ʧʣʘʪ ʧʝʯʘʪʥʦʛʦ ʤʦʥ-

ʪʘʞʘ [1,2]. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʟʘʜʘʯʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ , ,RLC- ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʘʩʩʠʚʥʳʭ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʜʚʫʭʧʦʣʶʩʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ 

(ʄɼʕʎ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚ ʩʣʦʞ-

ʥʦʡ ʤʥʦʛʦʧʦʣʶʩʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ [3].  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʤʦʜʝʣʠ ʄɼʕʎ, ʧʦʣʫʯʝʥʠʷ ʣʝʛʢʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʧʨʠ 

ʪɻʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʶʪ ʠʤʧʫʣʴʩʥʳʝ ʠʩ-

ʧʳʪʘʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ (ʀʉ), ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩʫʤʤʘʤʠ ʵʢʩʧʦʥʝʥʪ [4].  



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   48 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʦʢʦ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ , ,RLC-ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʠʪ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘ-

ʯʠ ʩʠʥʪʝʟʘ ʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʘ ʀʉ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʪʝʣʴʥʦʩʪʝʡ. ʄʝʪʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʟʘʜʘʥ-

ʥʦʡ ʤʦʜʝʣʠ ʀʉ (ʬʦʨʤʘ), ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʤʦʜʝʣʠ ʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ.  

ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʜʠʩʢʨʝʪʥʦʤ ʩʧʦʩʦʙʝ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʭ ʩʨʝʜʩʪʚ. ɸʜʝʢʚʘʪʥʳʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʘʣʴʥʳʤ ʩʠʛʥʘʣʘʤ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ 

ʩʠʥʪʝʟʝ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʬʫʥʢʮʠʡ ʩʧʣʘʡʥʘʤʠ [5]. ʉʧʣʘʡʥʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʨʝʰʝʥʠʡ ʥʝʢʦʪʦʨʦʛʦ ʣʠʥʝʡ-

ʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʳʭ ʩʧʣʘʡʥʦʚ (ʕʉ) [6]. ʋʢʘʟʘʥʥʳʝ ʩʧʣʘʡʥʳ ʠʟʚʝʩʪʥʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʠ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʦʧʠʩʘʥʠʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʀʉ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʕʉ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠʤʝʥʷʪʴ ʫʢʘʟʘʥʥʳʝ ʩʠʛʥʘ-

ʣʳ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʥʷ. ɼʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʕʉ, ʢʦʪʦʨʳʝ ʩʪʨʦʷʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʣʴʥʳʤ ʩʠʛʥʘʣʘʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʠʩʳʚʘʶʪ ʨʝʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ ʩʠʥʪʝʟʝ.  

ʇʫʩʪʴ ʥʘ ʦʪʨʝʟʢʝ [ , ]ab  ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ʫʟʣʦʚʳʭ ʪʦʯʝʢ (ʩʝʪʢʘ) :ND

0 1 ... Na t t t b= < < < =. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ [ , ]mC ab-n  ʤʥʦʞʝʩʪʚʦ ( )m-n-ʨʘʟ 
ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʥʘ ʦʪʨʝʟʢʝ [ , ]a b .  

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷʩʧʣʘʡʥ-ʬʫʥʢʮʠʷ (ʕʉʌ) ʠʣʠ ʧʨʦʩʪʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʩʧʣʘʡʥ ʧʦʨʷʜʢʘ m ʢʣʘʩʩʘ mC -n( )1 m¢n¢ ʩ ʫʟʣʘʤʠ ʥʘ ʩʝʪʢʝ ND ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʫʩʦʯʥʫʶ ʬʫʥʢʮʠʶ ( )Gmsf t , ʢʦʪʦʨʘʷ: (ʘ) ï ʥʘ ʢʘʞʜʦʤ ʦʪʨʝʟʢʝ 1[ , ]i it t+  , 

0,1,..., 1i N= - ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʣʠʥʝʡʥʦʛʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʜʠʬʬʝ-
ʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (ʃʅɼʋ) ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 
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ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʚʠʜʘ ,( ) ( ) it
i k if t P t el= Ö, li¢0, ʛʜʝ , ( )k iP t - ʧʦʣʠʥʦʤ ʩʪʝʧʝʥʠ k;(ʙ) ï 

ʧʨʠ ʵʪʦʤ ( ) [ , ]m
Gmsf t C ab-nÍ . 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ɺ-ʩʧʣʘʡʥʳ 

ʐʝʥʙʝʨʛʘ [7] ï ʙʘʟʠʩʥʳʝ ʩʧʣʘʡʥʳ ʩ ʢʦʥʝʯʥʳʤ ʥʦʩʠʪʝʣʝʤ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩ ʠʟʚʝʩʪʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʩʪʝʧʝʥʥʳʭ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʩʧʣʘʡʥʦʚ ʯʝ-

ʨʝʟ ɺ-ʩʧʣʘʡʥʳ, ʕʉ ʪʦʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʥʝʢʦʪʦʨʳʭ ʙʘ-

ʟʠʩʥʳʭ ʩʧʣʘʡʥʦʚ [8], ʦʪʣʠʯʥʳʭ ʦʪ ʥʫʣʷ ʥʘ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ (ʬʠʥʠʪʥʳʝ ʩʧʣʘʡ-

ʥʳ).  



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 30 ï 31 ʪʨʘʚʥʷ 2016 ʨʦʢʫ   49 

ɹʘʟʠʩʥʳʝʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝʩʧʣʘʡʥʳ ʠʣʠ G-ʩʧʣʘʡʥʳ ʧʦʨʷʜʢʘ m ʢʣʘʩʩʘ 

[ , ]mC ab-n  ï ʝʩʪʴ ʪʘʢʠʝ ʬʫʥʢʮʠʠ ( ) ( )m,i GmG t sf tÍ , ʢʦʪʦʨʳʝ , ( ) 0miG t ¸ ʥʘ ʠʥʪʝʨʚʘʣʝ 

[ , ]i i mt t t+Í  ʠ ( ) 0m,iG t ¹ ʚʥʝ ʠʥʪʝʨʚʘʣʘ [ , ]i i mt t t+Í . 

ʇʦʜ ʧʦʨʷʜʢʦʤ ʩʧʣʘʡʥʦʚ 1m l k= + + ï ʧʦʥʠʤʘʝʤ "ʧʦʨʷʜʦʢ" ʦʙʨʘʟʫʶʱʠʭ ʩʧʣʘʡʥ 
ʬʫʥʢʮʠʡ, ʧʦʜ ʢʦʪʦʨʳʤ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʥʠʤʘʝʤ ʧʦʨʷʜʦʢ ʃʅɼʋ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʯʠʩʣʦʤ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ( )mQ p  ʩ ʫʯʝʪʦʤ ʧʨʘʚʦʡ ʯʘʩʪʠ 
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